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ABSTRACT 
The Effects of Pre-emergence Applications of Simazine 
and Post-emergence Applications of Dalapon on 
Phy s io - chemica l Changes in Apple, 
Sour Cherry, Sweet Cherry, 
and Prunus mahaleb 
------ -------
by 
Jawad Thanoon Agha, Doctor of Philo sophy 
Utah State Univer s ity, 1968 
Major Professor: Dr . J. LaMar Anderson 
Department: Plant Science 
Simazine and dalapon have been used to control weeds in many crops 
during the last few years, but in 1963, when this study was begun, their 
uses in fruit orchard s were limited. To study the effects of simaz ine 
and dalapon both on the control of weeds and on various metabolic changes 
in apple (Malis pumila), Montmorency sour cherry (Prunu s cerasus), sweet 
cherry (Prunus avium), and Prunus mahaleb root s tock, exper iment s wer e 
conducted from 1964 through 1966 in both the field and in the greenhouse. 
The appl i catio n of a low do sage of simazine (4 lb/A) t o so il around 
twelve-year-old Montmorency sour cherry tree s in the field resulted in 
60 to 70 percent weed control, while tree growth, chlorophyll content of 
the leaves, fruit y i e ld, and fruit quality were enhanced. Simazine 
applied at the higher dosages (8 and 12 lb/A) gave very good weed control 
(up to 100 percent) but reduced tree growth, chlorophyll content, and 
fruit y i eld and quality. 
xvii 
In the greenhouse , the application of s imazine at all three levels 
caused severe damage to R· mahal eb and sweet cherry trees and henc e 
reduced the water uptake , but young apple trees treated with s imazine 
showed no visible damage , although water uptake was reduced. In young 
sour cherry trees treated with 4 lb/A simazine, slight chlorophyll 
increase s we r e observed , while at the higher dosages , decreases were 
ob served. 
Simazine applied to the soi l surface was absorbed r eadily by all 
trees. It accumulated in large amo unt s in the l eaves compared with the 
oth e r parts of thes e plants. Sour cherry trees accumulated more simaz ine 
than apple trees. 
Results from both field and greenhouse trial s indicat e that apple 
trees were comparatively resistant, and swee t cherry and ~ · mahaleb tre es 
were very sensitive. 
Enzyme ana l ys i s indicated tha t s i maz ine caused an increase in th e 
a c tivity of peroxidas e and polyphenol oxidase in all tree s. The activity 
of catalase and cytochrome oxidase wa s decreased in f. mahaleb, sweet 
ch erry , and sour cherry trees, but apple trees showed an increase in both 
catalase and cytochrome oxida se ac tivity. Compared t o the o ther trees , 
the mos t tol erant , untreated trees (appl e) had relatively high peroxidase 
and low polyphenol oxida se activity, with moderate catalase and cytochrome 
oxidase activity . The moderately resistant s peci es ( sour cherry) had 
mod erate peroxida se, catalase, and cytochrome oxidase activity but very 
l ow polypheno l oxidase ac tivity , while the sensi tive trees (~ . mahale b 
and swee t cherry) showed a wide range of enzyme activities . ~ · mahaleb 
l eaves had low peroxidase and catalase activities and high po l ypheno l 
xviii 
oxida se and cytochrome oxidase activities, but sweet cherry leave s had 
moderate peroxidase and polyphenol oxidase , high catalase, and l ow 
cytochrome oxidase activities. 
The movement of simazine in the soi l was s low. Regardless of 
app lied amounts, most of the herbicide stayed in the top 0-6 inches of 
soil after surface application, but movement in t he soil increa sed as 
the rate of application increased. 
The po s t-emergence application of dalapon to a Montmorency sour 
cherry orchard reduced weed growth in general, but complete weed control 
wa s not observed. Tree growth, chlorophyll content of the l eaves, fruit 
yield, and fruit quality of dalapon-t reated Montmorency sour cherry trees 
were r educed compared with the untreated control. The se reductions 
became greater as t he dalapon dosage increased . 
(199 pages ) 
xix 
CHAPTER I 
INTRODUCTION 
The fight against weeds is as old as agriculture. Every farmer must 
s pend time and money on control to prevent reduced crop yield and 
quality. 
Weed control in fruit crops has received less attention than in 
mo s t other crops. Orchard owner s have not recognized the possible 
savings that could be made. Companies producing herbicides have 
deve loped chemical s mo s tly for other crops, since acreage of fruit crops 
is not gr ea t compar ed wi th mo st field crops, and the cost of getting 
labe l clearance for fruit crops is high. 
Weeds under trees are difficult to control by cultivation or mowing . 
Cultivation damages root s and trunks. Repeat ed trips over the ground 
with heavy equipment compact the soil, s l owing water penetratio n and 
hindering root deve lopment. 
The problem, then, is to control weeds effectively and economically. 
The answer is chemical co ntro l . Herbicide s have been used in relatively 
small quantiti es for over ha lf a century. Only during the pa s t decade , 
howe ver, hav e herbicides become of great importance in controlling weeds 
in horticultur al crops. Some exampl es of the first herbicid es used are 
a r s enic trioxide, iron sulfa t e (a hi-product of the steel industry), and 
wa s t e oil s of low value. In contrast with these early c hemical s , the new 
organic compound s that have come into use in the past two decades are 
mo r e expensiv e, more toxic , and more selective. 
Simazine and dalapon are examples of the newer compound s. They have 
been used to control weeds in many crops during the last few years, but 
in 1963, when this study was begun, simazine and dalapon uses in fruit 
orchards were limited. 
The general objectives of this research were to study the effective-
ness of these two herbicides as weed killers in orchards of apple 
(Malis pumila), Montmorency sour cherry (Prunus cerasus), sweet cherry 
(Prunus avium), and Prunus mahaleb root stock. 
The s pecific objectives of this research with regard to simazine were 
to study: (1) the effects of simazine on weed control, tree growth, and 
water uptake of apple, sour cherry, sweet cherry, and f . mahaleb trees; 
(2) the absorption and translocation of simazine by apple and sour cherry 
trees and its dissipation in the soil; (3) the effects of simazine on the 
total chlorophyll pigments in apple, sour cherry, sweet cherry, and R· 
mahaleb leaves; (4) the effects of simazine on sour cherry yield and fruit 
quality; (5) the effects of simazine on some of the oxidative enzymes in 
apple, sour cherry, sweet cherry, and~- mahaleb leaves. 
The specific objectives of this research with regard to dalapon were 
to study : (1) the effects of dalapon on weed control and sour cherry 
tree growth; (2) the effects of dalapon on the total chlorophyll pigments 
of sour cherry leaves; (3) the effects of dalapon on sour cherry fruit 
yield and fruit quality. 
CHAPTER II 
REVIEW OF LITERATURE 
2- CHLOR0-4,6 BIS (ETHYLAMINO)-S-TRIAZINE (SIMAZINE) 
In 1955, this compound was made available for testing by the Ge igy 
Chemical Corpora tion (Geigy , 1956). The technical material i s a white, 
crysta lline s ubstance which is non -combust i ble and non- corrosive. It i s 
of low solubility i n water ( 5 ppm at 20 C) and of higher solubility in 
organic solvents such as ch l oroform (900 ppm a t 20 C). Simazine i s 
s table in neutral , slightly acid , or basic med i a. Upon heat ing in 
acidic media, simazine wil l be hydrolyzed to hydroxysimazine whi ch i s 
inactive as an herbicide (Gy s in, 1962) . 
Simazine i s primarily ab sorbed via the root (Craft s a nd Robbins, 
1962) . Some investigators have reported that this compound may be 
absorbed by leaves , but its mov ement then is very s l ow (Klingma n, 1961) . 
Considerable effort has been made t owa r d unde r standing the behavior 
of he rbicide s in genera l on so il as evidenced by the vast amount of 
literature concerned with thi s subject . It i s generally agreed that a ll 
organic chemicals in the soi l are subjec t ed to the following: 
(l) vo l ati li zation, (2) adsorption to so il particles, (3) leaching, 
(4) chemica l alterat ion, (5) photodecompo si tion, (6) plant r emoval, and 
(7) microbia l degradation. Other factors which have an overridi ng in f lu-
ence are: (a) the crops sowed or weeds present, (b) so il type, including 
organic material co ntent, (c) t emperature, and (d) cultural practice s . 
A number of investiga t ors have used l4c s imazine t o s tud y the 
lo sses by volatilization . Hamilton and Moreland (1962) found that by 
coating radioactive simazine with an acrylic plastic, 98 percent of the 
radioactivity was retained. Davis et al. (1959) found a 50 percent los s 
of simazine from metal surfaces after two months of storage at 71-74 C. 
The rate of lo s s was less at lower temperatures. They also found that 
the disappearance of simazine from sand or clay soil was less than from 
a metal surface. 
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Foy (1964) indicated that the volatility of simazine was low com-
pared with other triazine herbicides. At 60 C, 95 percent of the applied 
a trazine disappeared after 15 hours, whereas only 35 percent of the 
simazine volatilized in 24 hour q. 
The adsorption on soil particles is one of the most important 
fac tor s which reduces the activity of simazine. Aelbergs and Homburg 
(1959), Burschel (1961), Burnside e t al. (1961), Upchurch and Mason 
(1962), Hilton and Yuen (1963), Ta lber t and Fletchall (1965), and Grover 
(1966) reported that an increase in organic matter in the soil will 
decrease simazine activity. Gysin and Kn~sli (1960) and Frissel (1961) 
reported that the soil type had a marked effect on absorption and 
simazine toxicity. These investigators indicated that heavy clay soil 
adsorbed more simazine than light soi l. 
The effect of pH upon simazine adsorption to the soil particles or 
absorption by plants has been inves tigated by some workers. It was 
reported by Burnside et al. (1961), Talbert and Fletchall (1965), and 
McGlamery and Slife (1966) that the increase in soi l pH caused a decrease 
in the adsorption of triazine herbicides by soi l , and an increase in 
plant absorption . 
Sev eral workers have presented data concerning the influence of 
ultraviolet light on simazine . Aelbergs and Homburg (1959) proposed that 
the disappearance of simazine from soil could be due to ultraviolet 
light. This proposal motivated many investigators to study this factor 
in more deta il . Dewey (1961) found a decrease in the action of simazine 
after irradiating the samp l es with a mercury lamp for 14 days . The 
32 lb/A treatment had an equivalent toxicity to that of 4 l b/A on soil 
not exposed to these conditions . An 8 lb/A application was reduced to 
approximately 2 lb/A, while a 2 lb/A treatment lost abou t ha l f of its 
activity. 
Jordan et al. (1964) investigated the effects of u l traviolet light 
on the photodecomposition of three triazine compounds at four different 
concentrations under controlled conditions. It was observed that 
simazine, atrazine, and ametryne became visibly darker after irradiation 
at 253.7 nm of light for different lengths of time. Sligh t changes were 
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also observed in t he ultraviolet ahsor ptio n of t hese compounds after 
exposure to ultraviolet light or sunlight. These three triazine com-
pounds underwent photodecomposition, but not as rapidly as the phenylurea 
he rbicides. It is interesting to note, however, that there was an appar-
ent decrease in the rate of decomposition as exposure time increased. 
Jordan postulated that this may be due to a protective effect on the 
herbicides resulting from the decomposition products . Comes and Timmons 
(1965) reported that simazine was partially inactivated in both light and 
dark, while atrazine lo s t it s activity mainly in the light. 
Leaching appears to be another mechanism which influences the 
dissipation of simazine in soil. Montgomery and Freed (1959) found that 
mo st of the 14c simazine remained in the zero to one - inch layer after 
applying 12 inches of water through a sandy loam soil over a three-day 
period. In a leaching test, Sheets (1959) indicated that simazine moved 
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downwa rd from 2-10 inches in a sandy loam soil, and that t he t op 2 inches 
were free from the herbicide . 
Loam soil under dry conditions i n Canada i n 1958 wa s found by 
Switzer and Rauser (1960) to contain some activity pers i sting from the 
2 lb/A simazine treatment until the following spring. Under irrigation, 
activi t y from the 2 l b/A simazine treatment was present only for eight 
week s . Switzer and Rauser postulated that thi s difference in soil mois-
ture could have a marked effect on the act ivity of soil microorganisms, 
and it i s quite possible that it caused a greater di fference than 
leaching E.'::!. ~· 
In s tudie s comparing l eaching of four triaz i nes in three soi l types, 
Rodgers (1962) found that atra zine was the mo s t r eadily leached in sandy 
soils, ipazine the least, while simazine and a tratone were intermediate. 
There was, howe v er , littl e leaching o f any of these triazines below the 
one-i nch zone in muck soi l. Early worke r s indicated that simazine leach-
ing increased with the increase in the rate of application and the 
amount of water added (Sheets, 1959; Ashton, 1961; Burnside et al., 
1961). 
In a recent s tudy, Dawson et al . (1968) used s i maz ine in vineyard 
so il and f ound tha t mos t of the herbic i de was l oca ted i n the top so il 
one year after application. The resul t s indicated that 62 - 89 perc ent of 
the simazine appli ed was in the top 2 inches and 86 - 100 pe rcent in the 
top 4 inches . Soil pene tration by simazine increased a s the r a t e 
i ncrea sed. 
The breakdown of t he triazine herbicides in general by soi l micro-
organisms ha s been es tabli shed by a number of r esearchers . Good 
correlation exi sts between the inactivation of these he rbicid es and 
microorganism activity. Sheets (1959), Davis et al. (1959), Gysin and 
Kn:.\sli (1960), Dewey (1960), and Roadhouse and Birk (1961) all suggested 
that microbial activity wa s involved in the removal of simazine residues 
from soi 1. 
Insight into the effec t s of microorganisms upon s imazine and vice 
versa i s derived from a number of critical laboratory investigations. 
Ragab and McCollum (1961) r ecovered l 4co2 from nonsterile soil treated 
with 14c ring labeled s i.mazine , while no 14co2 could be recovered from 
trea t ed s t erile soil. Kaufman and Kearney (1964) recovered 14co2 when 
pure cultures of As pergillus fumigatus were supplied with 14c chain 
labeled s imazine . 
The pre c ed ing findings confirm early reports concerning the 
degradation of simazine by microorganisms . Guillemat (1960) proved the 
existence of fungi species capable of breaking down simazine in the soil 
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and using its nitrogen for their metabolism . The fungal species involved 
include : Fusarium ~sporum, !· ~venac eum, Penicillium cyclopiu~, 
f. lanosocoeruleum, ~ndrocarpon radicicola, and Stachybotrys species. 
Guillemat indica ted t hat thes e fungi did not use the c arbon of simaz ine, 
but degradation was favored by h igh carbon availability in the soil. 
Burnside et al. (196 1) i solated some microorgan i sms from soil which could 
use simazine as a carbon source. These wer e: As pergillus ~~' 
Penic illium purpuragenum, Stachybotry~ spp., Streptomyciles spp. and 
Trichoderma viridi . 
Bact eria could also be responsibl e for degradation of simazine in 
soil. Reid {1960) s t ated that fo rynebacteriacea spp. were responsible 
for the de toxification of s imazine in soil. Some of the triazines served 
as an energy sourc e for two types of soil bacteria in laboratory t ests 
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conducted by Bryant (1963). Correlat ion between the aldy lamino substitu-
en t gro up s on the number four carbon and suitab i li t y as subs trat e source 
for vari o us bacteria is evidenced in Bryant' s investigations. Compounds 
containing an ethylamino group were the preferred substra t e for the 
Arthrobacter spp. whereas the Pseudomonas spp. preferred the diethylamino 
substitut ed compo unds . Both genera utilized the isopropylamino gro up 
equally well. 
In a very recent s tud y (Fink e t al., 1968), the total number of 
fungi in so il treat ed with either simazine or atrazine two consecutive 
years was the same, however, there were differences in the numb e r of 
individual fungal spec i es. A reduction in numbe r was observed in 
Aspergillus niger. It was postulated that this may be due to the com-
petition of other fungal species. Fink' s investigation also shows that 
the numb er of bacteria wa s increased in the plot treated with 5 lb/A 
s imaz ine plus 200 lb/A nit rogen. Possibly some bacteria used the 
he rbicide as an energy source. 
Sima z ine could a l so be changed in th e soil by chemical me ans. 
Littl e is known about t he influence of chemical alterations on th e fat e 
of s imazine in soi l s. Thi s i s regr e t tab l e when on e considers tha t all 
pesticides exert their effect on pes t s through chemical reac tions. One 
should not reject the likelihood t hat s imazine could be altered in the 
soi l by a number of ch emical reactions that readily occur in laborat ory 
glassware. 
Simaz ine i s removed from the soil by growing plant s. Crafts ( 1961) 
reported that in 1958 , Roth demon s trated the degradation of s ima zine by 
corn . Shee ts (1959), Gys in and Kn~sli (1960), Crafts (1 961), and 
Montgomery and Freed (1 961) all conf i rmed the extensive degradation of 
simazine by corn plant s through the use of 14c ring labeled compound. 
The disappearanc e of th e absorbed radio- labeled simazine over a period 
of time and the evolution of 14co2 were conclusive ev idence that the 
herbicide wa s degrad ed by corn . 
While tol erant plants appear to degrade s imazine, sensitive plants 
are limited in thi s ability. Dav i s et al. (1959) s howed that cotton and 
cucumber plants break down small amounts of s imazine . Dewey (1960) con-
ducted an experiment in which s imazine lo sses were more rapid where 
Cirsium ~ infestations occurred. 
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When simazine enters the s t e le of the root , it migrates t o the 
apoplast and moves in the xylem . When it reaches the leaf, some simazine 
must continue its apoplastic moveme nt, for .there is much evidence for 
accumulation around the margin s of broad leaves and at the tips of grass 
leaves (Davis et al., 1959). Simazine which does enter t he living cell s 
of the chlorenchyma rapidly bring s about drastic changes in metaboli sm , 
and, in the light, the photolysis of water and the evolution of 02 
(Hill reaction) i s rapidly blocked (Gysin and Kn~sli , 1960). Moreland 
et al. (1959) found that simazine reduced the photochemical activity 
(Hill reaction) of i so l ated barley chloroplasts by 50 percent at 
4.6 x 10-6 M concentration. Gluco se supplied to barley plants through 
several leaf tips kept the plant a live and growing, even in the presence 
of lethal simazine concentrations. 
Ashton et al . ( 1960) mad e a detailed study of 14coz fixation by 
bean plants treated with triazine compounds. The relative rate of 14co2 
fixation in leave s excised from plant s trea ted with 0.25 ppm simaz ine 
was decreased by about 30 percent compared with the controls. At 1 ppm 
and above, 14coz fixation was almos t completely blocked. Expo s ure to 
1 ppm simazine for three hours caus ed a complete inhibition of 14co2 
fixation by bean leaves. 
Roth in 1958 ( see Crafts, 1961) indicated that simaz ine inhibited 
photosynthesis in green plant s while 02 consumption by res piration was 
increased. In studying selec tivity, Roth found tha t corn rapidly breaks 
simazine down into nontoxic products, wh ereas susceptible plants such as 
oats do not. Sheets (1961) found that differences in susceptibi lity 
between cotton and oat s could be attributed t o the differences in the 
rate of transport of triazine into l eaves , since cotton lost only about 
one-third as much water per gram of green l ea f as oa t s. However, the 
capacity of the cotton l eaf to metabolize simazine exceeded that of oats, 
so both of these factors favored th e tolerance of simazine by cotton as 
compared with oats. Sheet s concluded that it was the concentration of 
the acti.ve simazi.ne in the l eaf ti ssues , a factor that was th e result of 
uptake, translocation, and breakdown , that determines the susceptibil ity 
of a plant to simazine. 
Castelfranco et al. (1961) inves tigated the detoxification of 
s imazine by extracted cern juice and were able t o conver t simazine to 
hydroxysimazine. After purification of the juice, boiling for five 
minutes caused no lo ss o f activity, indicating that the active cons titu-
ent wa s not a protein. In contra s t to the Zea mays resistance to 
simazine, an extraction from oats which is susceptible contains none of 
the simazine-destroying activity which was present in the Zea mays 
extract. 
Many investiga tor s have a ttemp t ed to identify plant s a s susceptible 
or re s istant to simazine by their enzymatic activi t y. Gysin and Kn~s li 
(1960) reported that in 1959, Roth found in all simazine-sensi tive plant s 
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a high catalase activity. Plant s having varying degrees of tolerance 
showed a significant content of polyphenols accompanied by peroxidase 
activity. Highly resistant plants had a hi.gh polyphenol content coupled 
with high peroxidase activity. Roth proposed that simazine interferes 
with the redox-potential level r equired for normal chlorophyll function. 
Where this level is maintained by catalase, simazine is toxic; where 
peroxidase plus polyphenols serve to regulate this potential, simazine 
fails because it is degraded to an inactive compound. 
Atrazine, another chlorinated triazine herbicide, applied at 1 lb/A 
pre-emergent caused a reduction in respiration as well as in the activity 
of catalase, peroxidase, polypheno l oxidase, ascorbic acid oxidase, and 
glycolic acid oxidase in oats, soybeans, beans, cotton, peanuts, 
Johnsongrass, and corn seven and e leven days after treatment (Funderburk 
and Davis, 1963) . The attempt to correlate enzyme activity with plant 
sensitivity to atrazine was not s uccessful. 
Eastin et al. (1964a) found that oxygen uptake in excised root s of 
a susceptible line of corn GT 112 treated with atrazine and simazine 
gradually declined with age unt il death, while leaf discs of treated and 
untreated GT 112 showed no distinct trend in oxygen uptake . Atrazine 
caused a decrease in root respiration of GT 112, while the resistant line 
GT 112 RfRf of corn was not affec ted. 
Eastin et al . (1964b) found that atrazine significantly decreased 
catalase activity in the susceptible line of corn, while in the r es i stant 
line catalase activity was marked ly increased. Goren and Monseli se (1966) 
used atrazine on citrus trees. The results indicate that, with increasing 
atrazine damage to citrus trees , pe roxidase activity increased while 
catalase activity decreased . 
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Simazine also affects the chlorophyll and chloroplas t s of treated 
plants. Singh and Wes t (1967) found that simazine caused a decrease in 
chlorop l as t protein and that total chlorophyll pigments were lower in oat 
plants treated six days with s imazine . They a l so indicated that the 
symptoms of simazine damage de ve loped even in the dark. RNA wa s 
decreased, and th e mito c hondria, microsomes , and cytopla smic protein 
were decreased after a ten-day simazine treatment. 
Simazine has been recommended for use as a wee d killer in vineyards, 
nurseries, and small fruit, citrus , and deciduous orchards as a pre-
emergence herbicide (Anonymous, 1966) . The rates at which thi s herbicide 
are recommended are dependent upon the crops grown, the soil type, and 
the amount of water be ing used . 
In grape plantings , Doll (1960) and Larsen and Ries (1960) found 
th at 2-4 lb/A simazine wa s a n effective h erb icide amount for contro ll ing 
annual weeds and grasses. However , the e ffectiveness o f s imaz ine as a 
herbicide in vineyard s was affec t ed by seasonal variation (Dawson et al., 
1967). Dawson and his a ssoc i a t es also s howed an increa se in g rap e yields 
after five years of annua l simazine a pplicatio n. 
In citrus, Goren and Monseli se (1966) fo und that simazine enhanced 
tree growth, total and protein nitrogen, and chlorophyll in the citrus 
l eaves, but that dry matt er wa s s lightly decr eased. 
Klingman (1961), and Crafts and Robbins (1962) r e po r t ed that s imazine 
at 2-4 lb/A gave excel l ent r esults in contro lling weeds in deciduous 
orchard s. Carlson and Ries (1967) reported that s imazine caused no 
damaging effect on appl e, pear, and peach fruit, but onl y a delay in th e 
harvest date. Chmiel and Ries (1967) r epor t ed that apple seedlings 
trea t e d with simazine in the growth chamber s howe d an increase in g r owth, 
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dry weight , total nitrogen, and glutamic acid. They conc luded that the se 
increases may have been caused by increases in nitrate uptake which were 
brought about by simazine treatment. 
2,2-DICHLOROPROPIONIC ACID (DALAPON) 
The sodium salt of dalapon was released for experimental use in 
1953. Because of its ready solubility in wat er, it is convenient to mix 
and use . A surfactant seems to aid in penetration when applied on the 
folcage (Dow Chemical Company, 1953) . 
Dalapon is a growth regulator that produces formative effects on 
plants at a distance from the point of app lication (Craft s and Robbins, 
1962). It is absorbed by roots and foliage. Funderburk and Davis (1960) 
indicated that root absorption by corn wa s superior to shoot absorption. 
Crafts (1961), however, reported that it made l i ttle difference whether 
the chemical was applied as a spray to the foliage of oats or was added 
to the so il, as toxicity per unit dosage was nearly the same in each case. 
Foy (1962a) studied dalapon movemen t after its application on Zea 
mays leaves. He found that the herbicide entered the leaves through the 
cuticle. Small amounts of dalapon were absorbed in 15 - 30 seconds. The 
chemical which originally entered the midrib remained highly concentrated 
in this channel. During transport some dalapon was retained or retarded 
by tissues through which it pas sed. 
Foy (1962b) also found that the absorption of dalapon- z- 14c and 
-
36c1 was through the cuticle and large opening pores of hypostomates of 
Tradescantia fluminensis l eaves. An anionic surfactant, sodium 
dioctyl sulfosuccinate, enhanced both cuticlar and stomatal penetration 
three to four fold during a two-hour absorption period. It wa s also 
found from this experiment that dalapon is translocated to regions of 
high metabolic activity a nd/ or stored in association with and dependent 
upon the movement of food materials. 
Andersen et al. (1962a) s tudied the uptake of dalapon by yellow 
foxtail and sugar beet. The results indicated that the chemical was 
absorbed through the leaves by both plants and moved throughout al l por-
tions of both species within 48 hours. The accumulation of dalapon was 
greates t in the younger tissues of both species . By means of paper 
chromatography separations , they found no metabolic derivative s of 
da l apon in ei ther species. 
Prasad et al. (1967) showed that dalapon absorption increased as the 
relative humidity increased. The radioactive dalapon was found in the 
roots, stems, leaves, and terminal buds. 
Santelmann and Meade (1961) applied dalapon to species of giant 
foxtai l both in the field and in the greenhouse. Wide variation was 
found between selections within each species in growth habit, height, 
leaf width, rate of seed development, and dalapon sensitivity. They pro-
posed that these variations may be at lea st a partial cause of failure in 
the use of dalapon and other herbicides for foxtail control. Hamilton 
et a l . (1962) found that the use of dalapon in cotton field s r educed 
cotton stands 10-25 percent. Thi s reduction did not cause proportional 
reduction in yield and did not affect ball components or fiber properties 
of the cotton. Kay (1963) found that the application of dalapon at 
3 lb/A thirty days after emergence gave 100 percent kill of medusahead. 
Ander sen et al. (1962b) applied dalapon to sugar beet and foxtail . 
Upon s hoot analysis, it was found that dalapon caused protein degradation 
to amino acids in both species. Large increases in the concentration of 
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amides (primarily glu tamine in sugar beets and asparagine in yellow 
foxtail) were found. Pantothenic acid concentration in the shoot s of 
both species increased gr ea t ly following treatment with dalapon . In 
sugar beets recovery wa s observed accompani ed by r e turn of the chemical s 
s tudi ed to l evels near those in the untreated plant s . Yellow foxtail 
plants did not recover from dalapon damage, and the chemical levels 
r emained high . And ersen and hi s co-workers postulated, based on the 
initial biochemical r esponses and the recovery of s ugar bee t plant s, 
that some mechanisms capable of inactivating dalapon may be opera t ing in 
sugar beets. 
Dalapon also affects the sugar content . McWhorter (1961) found that 
the sucrose - glucose relationshi p wa s r eversed in dalapon-treated Johnson-
grass. Dalapon caused metabolic reac tions which favor sucrose production 
at the expense of glucose. Jain et a l. (1966) indicated that dalapon did 
not change the normal pathway of glucose metabolism but int erfered with 
glucose utilization in treated barley plants. They concluded that partial 
blocks may be opera tive a t the beginning of the glycolic pathway and s ub-
sequently in the Kreb ' s cycle. 
Dalapon action may also be impl emented through the di s tribution of 
growth regulators in the trea ted plant. Wilkinson (1962) indicated that 
dalapon wa s shown t o be a growth inhibitor in corn coleoptile and pea 
stem sec tions but wa s inactive in oat caleoptile sections. The antago-
nistic ef fect of dalapon to IAA was reversible in pea and oat tissue, but 
was compe titive in pea s t em section , characterizing dalapon to be an 
anti-auxin . 
Others indicated that dalapon effec t ed pyruvic acid me taboli sm and 
pyruvate-protein denatur ation (Redemann and Hamaker, 1954) . Hilton 
Et a l . (1959) found that dalapon prev ented pantothenate acid syn thesis . 
The inhibi tion was noncompetitive with B-alanine and competi tive with 
pantoate for a ait e on the enzyme. 
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No t only does dalapon show species selec tivity, but it al so shows 
tissue sel ectivity i n that i t moves about in th e plant withou t des troying 
th e vascular ti ssues and yet causes ultimate dea th. Dalapon tend s to 
accumulate in l eav es and s t ems in preference to root s (Dow Chemical 
Company, 1953). However, s inc e grass root s are incapable of r egenera-
tion, for they have no bud s, this may be one key to the selectivity of 
dalapon agains t grasses. 
Klingman (1961) repo r t ed that dalapon at 5 lb/A rate applied as 
pos t -emergence a nd repeated a s needed could eff ectively control grasses 
und e r apple and pear trees , whil e cherry trees s how some sensitivity to 
this herbicide. Th e use of dalapon at 8.5 lb/A as post-eme rgence appli-
ca tio n was reported to be e ff ec tive in controlling annual and perennial 
grasses under a pp l e, pear, peach , and plum trees , and gra pe vines 
(Ano nymous, 1966) . 
CHAPTER III 
MATERIALS, METHODS OF APPLICATION AND DETERMINATION 
MATERIALS AND METHODS OF APPLICATION 
Simazine 
Field 
In the early spring of 1964, a twelve-year-old Montmorency sour 
cherry tree plot (orchard A), containing 16 randomly chosen trees, was 
selected in the field. This plot was divided into four replications i.n 
a Latin square design and each replication received 0, 4, 8, and 12 lb/A 
active simazine treatments. The designated amount of simazine in each 
treatment wa s suspended in water, and a hand sprayer wa s u~ed to spray an 
area of 78.6 square feet around each tree, representing one treatment. 
These soil surface appl ications of simazine were repeated for three 
consecutive years. Weed control, tree growth, simazine residues in the 
soil, total chlorophyll pigments of the l eaves, and yield and fruit 
quality were determined each year at harvest time. After the three years 
of s imazine application, at harves t time leaves were collected and used 
for enzyme analysis. At this time, too, leaves and fruit samples were 
collected for simazine residue determination . 
In the early spring of 1965, another plot (orchard B) of twelve-
year-old Montmorency sour cherry trees, containing 32 randomly chosen 
trees, was selected and divided into eight replications in a randomized 
block design. Each replication received the same treatment of simazine 
and the same method of application as mentioned above. These treatment s 
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were app lied annua lly for two consecutive years. At the end of each year 
{harvest time) tree growth, tota l chlorophyll pigment s of the l eaves, and 
y ie l d and fruit quality were es timated. Simazine res idues in leaves and 
frui t were de t ermined a t the end o f two years at harves t time . 
The soil i n o rchard B wa s cultivated each year for weed e limination, 
while in orchard A no cultivation wa s used. The soil in these two plots 
(orchard A and orchard B) had a pH of 7.6, the percentage of organic 
mat t er was 3.22, and the Cation Exchange Capacity {CEC) was 30.4 me/100 g . 
Gr eenhouse 
In the late winter of 1965, one-year-old apple and so ur cherry trees 
were selected at random and grown in one-gallon cans in the greenhouse. 
The cans contained a mixture of three parts soi l, one part peat moss, and 
one part vermi culite. From each species 16 trees wer e used and divided 
into four replication s in a Latin square design, and each replication 
r eceived 0, 4, 8, and 12 lb/A active simazine. The simazine, a mixture 
of 14c simazine and nonlabel ed simazine , wa s a pplied on the so il surface 
wh e n the trees were in active growth. The calculations were as follow s : 
Radius 
1 lb . 
Area of each pot 
Ar ea of each pot 
4 lb/A active simaz ine 
3 inches 
454 grams 
Radius squared X 
3 X 3 X 3.1416 
4 28.2744 X 454 
X ---v;r-
43560 
0.0082 grams 
IT 
28.2744 
8 . 2 mg s imazine/pot 
square 
inches 
8 lb/A active simazine 
12 lb/A active simazine 
4 replications of 4 lb/A 
4 replications of 8 lb/A 
4 replications of 12 lb/A 
16.4 mg simazine/pot 
24 . 6 mg s imazine/pot 
4 aliquots of 8.2 mg each on 
a ppl e tree s 
8 aliquots of 8.2 mg each on 
apple tree s 
12 a liquots of 8.2 mg each on 
a pple trees 
24 a liquots for apple tree s 
19 
24 aliquots for Montmorency sour 
cherry trees 
Total 
SO aliquots of 1 ml each 
48 al iquots 
8.2 X SO 
410 mg of active simazine/SO ml 
chloroform 
Th ese 410 mg s imazine have 33 mg of 14c simazine plus 377 mg non-
labeled active simazine. 
Leaf samples were collected from both apple and Montmorency sour 
cherry trees at two week intervals for twelve weeks, and simazine r esi -
dues we r e determined. At the end of fou r weeks leaf samples from bo th 
species wer e collected for chlorophyll determination. The root s of 
apple and Montmorency sour cherry trees were taken toge ther with so il 
sample s at the end of the experiment (12 weeks after the time of 
application). 
During the experimental period , the trees of both s pecies used were 
kept und er sunlight as the light source, at temperatures of 18 C at 
night and 32 C in the daytime, and the water s upply and nutrient r equire-
ments were kept a t saturation. 
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In the late winter of 1966, one-year-old apple, sweet cherry, and 
P. mahaleb trees were selected at random and grown in one-gallon cans 
which contained the same soil mixture as mentioned above. From each 
species , 16 trees were used and divided into four replications in a Latin 
square design, and each replication received 0, 4, 8, and 12 lb/A active 
simazine. The so il surface applications of simazine were started when 
the trees were in active growth and had about 70-100 leaves. The calcu-
lations of the amount of simazine needed were based on the same pro-
cedure as mentioned before except that 820 mg active simazine were 
dissolved in 100 ml of chloroform and 72 aliquots of l ml each were used . 
The growth conditions were kept at op timum, as mentioned above, except a 
tensiometer wa s placed in each pot to test the water requirement. One 
gram uniform leaf samples was collected from each treatment at the desig-
nated time for enzyme analysis. In sweet cherry and f. ~ species 
the samples were taken at 0, 6, 18, 66, 354, and 738 hour s after simaz ine 
treatments were applied. The samples from apple trees used for enzyme 
analys is were harves ted at 0, 48, 192, and 624 hours after the beginning 
of the experiment. 
At the end of four weeks of s imazine treatment, leaves from these 
spec ies were collected for chlorophyll determination, and tree growth was 
recorded for all three species. 
~ 
In the late spring of 1964, a twelve-year-old Montmorency sour 
cher r y tree plot (orchard C), containing 16 randomly chosen trees, was 
se l ec t ed in the field. This plot was divided into four replications in a 
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Latin square design and each replication r eceived 0, 8, 16, and 24 lb/A 
active dalapon treatments. The designa ted amoun t of dalapon in each 
treatment was dissolved in water, and a hand s prayer wa s us ed to s pray an 
area of 78.6 s quare feet around each tree, representing one treatment. 
The applications of dalapon were repeated for three consecu tive 
years. Weed control, tree grow th, t otal ch l orophyl l pigment s of the 
leaves, and yield and fruit quality were determined each year at harvest 
time . This plot (o r chard C) wa s infes t ed with mixed annual broad l eaved 
and annua l grass weeds. 
In t he late spring of 1965 , another plot (orchard D) of twelve-year -
o l d Montmorency sour cherry tr ees, containing 32 randomly chosen trees, 
was se l ected and div ided into eight re plications in a randomi zed block 
design. Each replica tion r eceived in the s ame manner the same dosages of 
dalapon as mentione d above. Th e annual appli ca tions of dalapon were 
repeated for two years. At each harvest time tree growth, total chloro-
phy ll pigments of the l eaves, and yield and fruit quality were reported. 
METHODS OF DETERMINATION 
Weed Control 
At harves t tim e , the e ffectiveness of s imazine and da lapon applica -
tions on weed control i n both orchard A and orchard C in t h e field were 
determined visually by the percen tage of weeds being killed in the 
treated area and are shown photographical l y. 
Tree Growth 
In the field (or chard A and orchard B- - s imazine; orchard C a nd 
orchard D--dalapon) growth measurements were t aken annually of each 
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Montmorency sour cherry tree used . The terminal growth was recorded as 
the amount of new growth in inch e s. Trunk growth wa s measured as the 
increase in diameter in inches. 
In the greenhouse, the general growth of the one-year -old apple, 
swee t cherry, and~· mahaleb tre e s treated with simazine for four weeks 
in 1966 were visually observed, and a photograph was taken of each 
f . mahaleb and sweet cherry treatment. 
The total root growth of these three species was observed, and 
the changes in the size of ~ · mahaleb and sweet cherry trees were 
measured by weight af ter four weeks of simazine treatment . 
Water Uptake 
In the greenhouse, the amount of water absorbed by each one-year-old 
tree of the three species (appl e , sweet cherry, and R· mahaleb) treated 
with s imazine was r ecorded. To measur e the amount of water taken up by 
each tree, a tensiometer was established in each pot and adjusted to zero 
(which is the soil fi e ld capacity) at the time of simazi ne application. 
Water wa s then added each day, ra ising the level to field capacity and 
measuring the quantity in mls. Then, at the end o f four weeks, the 
amount of water added to each pot was totaled. 
Determination of Simazine Residues in 
Montmorency Sour Cherry Fruit 
Montmorency sour cherry fruit were collected at harvest time from 
orchard A in the field after thr ee years of s imazine application and 
from orchard B in the f i eld after two years of simazine application, and 
the herbicide residues were determined in ppm . The method used for this 
determination was a modification of the method used by Kn~sli et a l . 
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(1964) . Fifty grams of pitted sour cherry fruit were blended with 50 ml 
o f ch l oroform for fiv e minute s in a War ing blender at high s peed . At th e 
end of the blending time , the mixture wa s poured into a 500 ml Erlinmyer 
flask. The blender was then washed with 100 ml of chloroform, and this 
was added to the mixture. The mixture wa s shaken in a mechanical shaker 
for one hour and then decanted through Wattman No . 1 fi l ter paper covered 
with anhydrous sodium sulfa t e under suction. The clear solution col -
lected from this filtration was evaporated over a hot water bath until 
dry . The dry mater ial l eft in the beaker after evaporation was di sso lved 
in 10 ml of carbon tetrachloride and put through a dry packed column of 
25 grams of aluminum oxide, grade V. The beaker which contained the dry 
material was rinsed with another 10 ml o f carbon tetrachloride and added 
to the column. When the 20 ml of carbon tetrachloride reached the sur-
face o f the aluminum oxide column, an additional 80 ml of carbon tetra-
chloride were added t o the co lumn . When the 80 ml of carbon tetrachlorid e 
reached the aluminum oxide surface, the r eceiving fla sk was replaced by a 
clean one,' and 100 ml of 5 percent ethyl ether in carbon t e trachlorid e 
were added to the column . Then all of the 100 ml of 5 percent e thy l 
ether in carbon tetrachloride added were collected, and the ethyl ether 
wa s r emoved by heating over a hot water bath. 
The liquid (20 ml) which was l e ft after the evaporation of the e thyl 
ether was transferred to a separatory funnel, where 1 ml of 50 percent 
H2S04 was added, shaken we ll for 30 seconds, and left to stand for 
30 minutes. The shak ing and s tanding was repeated f our time s , allowing 
simaz ine hydrolysis t o hydroxysimazine. At the end of the two hours 
9 ml of distilled wat er were added , mixed gently, and left to s tand for 
30 minutes to form two layers. The bottom layer was discarded, and the 
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aqueous layer wa s wa sh ed twice with 25 ml of chloroform . The aqueous 
layer was then transfe rred t o another clean separato ry funnel and shaken 
well with 25 ml of ethyl ether and left f o r 15 minutes. One ml of the 
aqueous layer wa s directly trans ferred into a quartz cell for reading at 
wave length s of 225, 240, and 255 run in a Carl Zeiss PMP II spectrophoto-
meter . To determine the s imazine content of the fruit, it was necessary 
to prepare a s tandard curve using known amount s of simazine. The 
measured absorbances give the difference, ~ , a s follows : 
A22 5 + "A 255 
L:::. = 'A 24o - 2 
The differe nce, ~ , was corrected by s ubtracting a blank value 
obtai ned from the reagent used . The standard curve is given in Table 
and illus trat e d in Fi gure 1 . Each value of ~ obtained was corrected by 
s ubtracting the value of the untreated sample, and the amount of simazine 
in ppm wa s calculated from the standard curve. 
Determination of Simazine Residues in 
Montmo rency Sour Cherry Leaves 
Montmorency sour cherry leaves were collected at harvest time from 
orchard A in the field after three years of simazine application and from 
orchard B in the field after two years of application, and the herbicide 
residues were determined in ppm . The method followed in determining leaf 
residues was the same as the one given for simazine determination in 
fruit with the one exception that 10 grams of leave s were taken instead 
of 50 gram s of f ruit. The value o f 6 obtained from the untreated 
sample was subtracted from the value obtained from the treated sample, 
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Table l . The relationship between s imazine concentration and absorbance 8 
Simazine in 225 nm 240 nm 255 nm 
ppn: O. D. O.D. O.D . 6b 
2.5 o.saoc o.9ooc 0.260c 0.3 30 
5.0 0.920 1.200 0.260 0.610 
7.5 1 .200 1.600 0. 340 0.830 
10 .0 1 . 300 1. 900 0.360 1.070 
~his was determi ned by taking 10 m1 from each de signated simazine 
so lution sample and put through the analytical procedure as given. 
b6 = 7\240 - Az 25 + " 255 
2 
cEach value represents the average of duplicate sampl es. 
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Fi gure 1 . Simazine determination s tandard curve for fruit and leaf 
a na l ys i s 
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and the amount of simazine in ppm wa s calculated from th e standard curve 
(Tabl e 1 and Figure 1). 
De t e rminatio n of Simazine Residues 
in the Field Soil 
In orchard A at harves t time soil samples were collected annually 
for three years from each sirnazine treated tree and simazine residue was 
de t e rmined in ppm. 
To de t ermine soil r es idue s , a 20 gram sample of sun dried ground 
soil was blended with 80 ml of chloroform in a Waring blender for 
10 minutes at high speed. The blender was then cleaned by removing the 
soi l with a spatula and washing with chloroform. The volume of chloro-
form and soil was increased to 125 ml in an Erlinmyer flask. The flask 
mouth was covered with aluminum foil and shaken on a mechanical s haker 
for one hour. Then the mixture was filtered through Wattman No. 1 
filter paper and anhydrous sodium sulfate under suction. The soil cake 
wa s washed with 25 ml of chloroform to assure complete removal of sima-
zine from the soil sample . The extrac t was evaporated t o dryness over a 
hot water bath. The dry materials left in the beaker were dissolved in 
10 ml of carbon t e trachlor ide which were added to a dry packed column of 
a luminum oxide grade V. The beaker was washed with another 10 ml of 
carbon tetrachloride which were added t o the column. Wh en these 20 ml of 
the carbon tetrachloride r eached the surface of the aluminum oxide in the 
co lumn, an additional 80 ml of carbon tetrachloride were added. The 
receiving flask was r eplaced with a clean one when the carbon tetra-
chloride reached the surface of the a luminum oxide in the column, and 
then 100 ml of 5 percent ethy l ether in carbon tetrachloride were added 
to the column. Al l of the 100 ml of 5 percent e thy l ether in carbon 
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tetrachloride were collected, and the ethyl ether was removed by heating 
over a hot water bath until the volume of the solution wa s reduced to 
20 ml . 
The liquid (20 ml) which wa s left after evaporation of the ethyl 
e ther was transferred to a c l ean separatory funnel, and 2 ml o f 50 per-
cent H2S04 were added, vigorously shaken, and left to stand for 
30 minutes. This shaking was repeated four times, allowing simazine to 
be hydrolyzed to hydroxy simazine . At the end of the two hours, 8 ml of 
disti ll ed water were added, shaken gently, and l eft to stand for 
30 minutes to form two distinct layers. The bottom layer was discarded 
and the upper layer was washed twice with 25 ml of chloroform. 
The aqueous layer was then transferred to another clean separa t ory 
funnel, and 25 ml of ethyl ether were added, s haken well, and l eft to 
stand for 15 minutes to form two layers. One ml of the aqueous layer 
was transferred directly into a quartz cell for reading at the wave 
lengths of 225, 240, and 255 millimicron in a Carl Zeiss PMQ II 
s pectrophotometer. 
To determine the amount of simazine in the soil, a s tandard curve 
was prepared by adding 10 ml of different simazine concentration solu-
tions to 20 grams of soil , and the same procedure given for soil analysis 
was repeated. The difference in absorbance, ~ , was determined as 
follows: 
).. 225 + /\255 
?\240 - 2 
The values in the standard curve are given in Table 2 and illus-
trated in ppm in Figure 2 . Simazine recovery in thi s method was between 
90 and 95 percent. 
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Table 2. The relationship betwee n s imazine concentration and absorbancea 
Sima zine in 225 run 240 run 255 run 
.6b 
~prr. O.D. O.D . O. D. 
2.5 0. 920c 0.860c 0.290c 0.255 
5.0 0.960 1.100 0.300 0.470 
7.5 1.100 1.400 0 . 340 0.680 
10.0 1.250 1. 700 0.380 0.885 
aThis was determined by adding 10 ml of the designated simazine 
solution to 20 grams of the representative soil sample and put through 
the a nalytical procedure as given. 
b,6 = 'A240 _ X 225 + "-255 
2 
cEach value represents the average of duplicate samples . 
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Figure 2. Simaz ine de t ermination standard curve for soil analysis 
Determination of 14c Simazine 
The movement of 14c simazine used in the greenhouse experiment in 
1965 was detected in the one-year-old apple and Montmorency sour cherry 
leaves by autoradiography. Dried leaves were exposed to x-ray film for 
two weeks and then developed . The presence of radioactive material in 
the l eaves gives a dark color in the film. 
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The detection of radioac tivity in the leaves, roots, and soi l of 
each treatment was determined by the use of a Geiger counter. The leaf 
and root samples were oven dried and ground, and 0.5 gram of each was 
used. The samples were spread thinly on a plate to minimize the counter 
effects of the plant and soil particles on the r eading . It is important 
to say at thi s point that thi s method is by no means quantitative, but it 
does indicate somewhat the movement or pre sence of radioactive simazine 
in that particular sample. The amount of radioactivity wa s given in cpm. 
Determination of Total Chlorophyll Pigment in Leaves 
The des i gnated leaf samples from both simazine and dalapon treat-
ments in the field and/or the greenhouse were used for this determination. 
The field samp l es were collected at harvest time , while the sampl es from 
the greenhouse were collected after four weeks of herbicide treatmen t. 
The method for chlorophyll extraction used in these experiments was a 
modification of the Osborne (1962) method. 
One-half gram fresh weight of a representative leaf samp l e wa s taken 
from each treatment and cut into small pieces. The chlorophyll pigments 
were extracted three times with hot 80 percent ethanol. The volume of 
the solution was then increased to 50 ml in a volumetric flask and 10 ml 
of this were dilut ed to 25 ml . The opt ical density (O.D.) was measured 
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at the absorption maximum for chlorophyll (665 nm) in a Carl Zeis s PMQ II 
s pect rophotometer . The amount of chlorophyll in the leaves is propor-
tional t o the O.D . r eadi ng. 
Determination o f Montmorency Sour Cherry 
Fruit Yield and Fruit Size 
The fruit yie ld determinat i on of all trees treated with simazine in 
the field (orchard A for t hree years, orchard B for two year s) and o f all 
trees treated with dala pon in the field (orchard C for three years and 
orchard D for two years) was est imated visually each year a t harvest t ime . 
Estimates were ranked on a 1-10 scal e as follows : no yield = 0; very, 
very, very light = 1; very, very light = 2; very light = 3 ; light = 4; 
li ght t o medium= 5 ; med ium= 6; medium t o heavy= 7; heavy= 8; very 
heavy = 9; and very, very heavy = 10. 
Fruit size wa s determined by the weight of 50 fresh berries in 
grams . 
Determination o f Total Fruit Color o f 
Montmorency Sour Cherries 
The fruit color from all simazine trea tments in orchards A and B, 
and from all dalapon treatment s in orchards C and D wa s determined 
annually at harves t time . The method us ed for this measurement i s a 
modification of Franci s ' (1957) method. Twenty-five grams of pitted 
fresh sour che rry fruit were homogenized in a Waring blender with 100 ml 
of 4 : 1, 95 percent ethanol and 0.1 N HCl, respectively . This high s peed 
b lending was carried on for two minutes. Then, another 100 ml of the 
above -mentioned so lution was added and the mixture was blended for 
another three minutes . The s lurry was filtered through a cotton filt er 
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to remove the large particles. The liquid collected from thi s filtration 
was re-filt er ed through Wattman No. 1 filter paper. Suction was used to 
accelerat e thi s process and to collect all the clear so lution possible. 
Five ml of this clear extract were t aken and diluted with the e thanol-
HCl so lution to mak e up 50 ml. The absorbance of thi s diluted so lution 
was read at the wave len gth of 535 nm in a Carl Zeiss PMQ II spectro -
photometer. The tota l pigment concentration was expressed as milligrams 
Congo Red; the procedur e i s described in Appendix A. 
De t e rminatio n of the Perce ntage of Soluble Solids 
in Montmorency Sour Cherry Fruit 
Fruit samples were collected from all simazine treated fields 
(orchard s A and B) and from all da lapon treat ed fields (o rchards C and D) 
annua lly at harve s t time, and the perce ntage o f soluble so lid s was 
measured. The harves ted ripe Montmorency so ur cherry fruit were pitted 
and homogenized in a Waring blender for five minutes. This thick liquid 
was then centrifuged in an In terna tional Centrifuge Model SBV for four 
minutes. The sample was separa t ed into two phases, the l owe r phase which 
contained al l the heavy particles and the upper phase which contained 
water and a ll the soluble so lid materials. The clear solution was 
decan t ed from the centrifuge tub e and the percentage of soluble so lids 
was measur ed by a Spencer Laboratory Refractometer. 
Determination of the Activity of Peroxidase, Polyphenol 
Oxidase, Catalase, and Cytochrome Oxidase Enzymes in 
Montmorency Sour Cherry , Apple, Sweet Cherry, 
and R_. mahal eb Leaves 
Enzyme preparation 
The leaf samples collected a t harve s t time from orchard A after 
three consecutive years of s imazine application and from one-year-old 
apple, sweet cherry, and R_. mahaleb tree s treated with s imazine in 1966 
in the greenhouse at the designated time of sampling were used for 
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these determinations . Each samp le (one gram) of the harve s ted leave s was 
ground with 5 ml cold isotonic 0 . 05 M Tris buffer at pH 7.0 and acid-
washed sand with a precooled mortar and pestle. After the grinding, the 
mortar and pe s tle were washed with an additional 15 ml cold isotonic 
0.05 M Tris buffer at pH 7.0, and the extract was passed through double 
layers of chee se cloth. The extract was then c entrifuged at 3 ,000 rpm 
for three minutes to remove cellular debri s (Smillis et al. , 1955) . The 
supernatant solutions were centrifuged again at 17,000 rpm for twenty 
minutes to separate mitochondria from cytoplasmic materials. In order 
to obtain a clear cytoplasmic so lution, the high speed centrifugation on 
the s upernatant wa s repeated once more for another twenty minutes. All 
proc edures of enzyme preparation were carried out in a cold temperature 
(0-5 C). Supernatants were used as extracts for assaying catalase, 
peroxidase, and polyphenol oxidase activities . The precipitant from each 
high speed centrifugation wa s combined and suspended in 20 ml of isotonic 
Tris buffer at pH 7.0. This suspension was used for cytochrome oxidase 
assay. 
Enzyme assay 
The enzyme activity of these sys tems wa s spectrophotometrically 
measured with a Carl Zeiss PMQ II spectropho tometer with a 3 ml si lica 
cuvette (1 em light path) at room temperature. All reagent s and buffer 
so lutions were prepared with de ionized water. 
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Peroxidase. The substrate so lution was prepared with a modification 
of the Willest~tter and Stoll (1917) me thod. Three ml of 5 percent 
pyroga llol solution and 1 . 5 ml of 0.5 percent (W/V) hydrogen peroxide 
so lution were mixed with 25.5 ml of 0.05 M Tris buffer at pH 7.0. Three 
ml of the mixture were us ed as s ubstrate so lution. Supernatants (0 . 05 ml) 
were added to the substrate solution and were allowed to stand for four 
minutes in a water bath at a cons tant 37 ~ l C. The reaction was stopped 
by immersing the mixture in boiling water for five minutes. Peroxida se 
activity was determined by the changes in the optical density of orange 
purpurogallin at 425 nm. The activity of this enzyme is proportional to 
the increase in op tical density . 
Polyphenol oxidase. Chlorogenic acid (Nutritiona l Biochemical 
Corporation, Cleveland , Ohio) was used as the substra te (Sisler and 
Evans, 1958). In its reduced form, chlorogenic acid has a maximum 
absorption at 300 nm to 330 nm, and a minimum at 260 nm. With oxidation, 
the 300 to 330 nm band dimini shes, and the 260 nm absorption increases. 
The enzyme activity can be mea sured either by the decrease of optical 
density at 330 nm or the increase at 260 nm. 
In this exper iment , a final co ncentration of 0.0057 M chlorogenic 
acid in 0.05 M cold Tris buffer at pH 7.0 wa s used as the s ubs trate solu-
tion. To the 3 ml of this substrate solution, 0.05 ml of the plant 
extract ( supernatants) so lution was added . The mixture wa s left to 
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s tand in the wat er bath at 37 ! 1 C fo r two minute s; the reac tion wa s then 
s topped by boiling water . The act ivity of the polypheno l oxidase enzyme 
wa s measured by the changes in the optical density at 330 nm. The ac tiv-
ity of thi s enzyme i s inver s ely proportional to the increase in op t ica l 
density . 
Catalase . Hydrogen peroxide (0.16 ml of 30 perc ent, W/V) wa s 
diluted to 100 ml with 0.05 M cold Tris buffe r at pH 7.0. Thi s mixture 
wa s used as the substrat e for the catalase enzyme r eactio n. The plant 
extrac t ( supernatant s) of 0.05 ml was add ed to 3 ml of the s ub str a te 
so lution and left to stand for four mi nutes in a water bath at 37 ! 1 C. 
The enzyme reaction wa s s t opped by boiling water. The change s in the 
optica l densi ty at 240 nm were recorded. The activity of thi s enzyme i s 
i nver se ly proportio nal t o the increase in optical density a t thi s wave 
l ength (L~ck, 1963). 
Cytochrome oxidase. The method followed in thi s s tudy wa s a 
modificat i on of that used by Cooperstein and Lazarow (1951). A s t ock 
so lut ion of 12 mg/ml of cytochrome C (Sigma Chemical Company, St. Loui s, 
Missouri) in 0.05 M cold Tris buffer at pH 7.0 was reduced by sodium 
bisulfate, thoroughly aerated and a llowed to s tand for thirty minutes. 
To 3 ml Tri s buffer of 0.05 Mat pH 7.0, 3 ml H20 and 0.50 ml of 
reduced cytochrome C sto ck so l ution were added . After the addition of 
0.05 ml of mitochondrial suspension, the mixture was left to s t and in 
a wat er bath at 37 t 1 C for ten minutes . The reaction was then s topped 
by boiling water and the activity was measured at 550 nm . Th e activity 
i s inverse l y proportional t o the increases in the optical density . 
CHAPTER IV 
SIMAZINE 
EFFECTS OF SIMAZINE ON WEED CONTROL , TREE GROWTH, AND 
WATER UFTAKE OF APPLE, MONTMORENCY SOUR CHERRY, 
SWEET CHERRY, AND f. MAHALEB TREES 
Two plots (orchards A and B) of twelve-year-o l d Montmorency sour 
cherry trees were treated with s imazine in the fie ld, whi l e in the 
greenhouse, one-year-old apple, Montmorency sour cherry, sweet cherry, 
and P. mahaleb trees were used. 
Results and Discussion 
Weed control. The effects of simazine on weeds are shown in 
Figures 3, 4, 5, and 6. It was observed that simazine caused 60-70 
percent weed control in the first year of app lication with al l remaining 
weeds st unted in their growth. The effectiveness was increased with time 
and dosage. At the high dosage (12 lb/A) 100 percent weed control was 
obtained during the three years of annual application . This is in agree-
ment with the report of Crafts and Robbins (196 2) in which they indicate 
that simaz ine is a nonselective herbicide which kills both broad leaved 
and grass weeds when applied at the proper dosage and under the proper 
conditions. Lange and Ro sedale (1967) reported that the use of 2 lb/A 
simaz ine in desert grape vineyards in sandy so il gave 97 percent control 
of all weed s after six months of exposure. Rom and Talbert (1968) 
showed results indicating that the application of 2 lb/A simazine in the 
early spring gave 80 percent weed control after one month and 30 pe rcen t 
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Figure 3. Natural untreated weed infestation in Montmorency sour cherry 
orchard 
Figure 4. The effects of soil surface applica tion of simazine at 4 lb/A 
on weeds in a Montmorency sour cherry orchard 
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Figure 5. The effects of soil surface application of simazine at 8 lb/A 
on weeds in a Montmorency sour cherry orchard 
Figure 6. The effects of soil surface application of simazine at 12 lb/A 
on weeds in a Montmorency sour cherry orchard 8 
8 P. mahaleb suckers were defo liated, while in Montmorency sour cherry 
trees no defoliation wa s observed. 
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weed control after three month s of exposure. 
Montmorency sour cherry trunk and terminal growth. The changes in 
trunk diameter and terminal growth of Montmorency sour cherry trees 
treated with simazine in both orchards A and B are given in Tables 3, 4, 
5, and 6. The results indicat e that the application of simazine at 
4 lb/A caused increases in trunk diameter and terminal growth of 
Montmorency sour cherry trees in both orchards A and B compared with 
the untreated control. These changes in growth were found to increase 
with time. After three years of annua l app lication of 4 lb/A simazine 
the trunk diameter increase s were up to 120.10 percent and the terminal 
growth increases up to 135.73 percent greater than the untreated control. 
This was in agreement with the res ults obtained by Rom and Talbert (1968) 
in which the trunk diameter and terminal growth of peach trees increased 
after treatment with 2 lb/A simazine. It may be possible that simazl.ne 
at this dosage increases anaboli sm which could result in growth increase. 
In the section concerning chlorophyll changes in Montmorency sour cherry 
l eaves of trees treated with 4 lb/A s imazine, the writer reported an 
increase in the total cnlorophy l l content of the leaves. Thi s increase 
in chlorophyll could be used in the photosynthesis proc ess resulting in 
an increased plant food supply which is then used for plant growth. 
Increase in chlorophyll, C02, or light would naturally change the rate 
of photosynthesis. 
At the higher dosage of simazine application, especial l y at 12 lb/A, 
the trunk diameter and terminal growth of Montmorency sour cherry trees 
increased less than those of the untreated control in both orchards A 
and B. These changes increased with time, and after three years of 
annual application of 12 lb/A simazine, trunk diameter wa s 75.91 percent 
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Table 3. The effec t s of soil surface application of simazine on 12-year-
old Montmorency sour cherry tree trunk growth after three years 
of application in orchard A 
Simazine Annual Percentage of 
Sampling application diame t er increase untreated 
dates in lb/A in inches 8 tree gr owth 
8/11/1964 0 1. 375 100.00 
8/11/1964 4 1.500 109 .09 
8/11/1964 8 1. 385 100. 73 
8/11/1964 12 1. 225 89.09 
8/11/ 1965 0 1.350 100 . 00 
8/11/1965 4 1.605 118 . 89 
8/11/1965 8 1.250 92.59 
8/11/1965 12 1.126 83 . 41 
8/11/ 1966 0 1.324 100.00 
8/11/1966 4 1.590 120.09 
8/11/1966 8 1.122 84.74 
8/11/1966 12 1.005 75 . 91 
8 Each value represents the average of four replications . 
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Table 4 . The effects of soil surface application of s imazine on 12-year-
old Montmorency sour cherry tree trunk growth after two years 
of appli cation in orchard B 
Simazine Annual Percentage of 
Sampling application diameter increase untreated 
dates in lb/A in inchesa tree growth 
8/11/1965 0 1. 300 100.00 
8/11/1965 4 1. 500 115.38 
8/ 11/1965 8 1.350 103 .85 
8/11/1965 12 1.134 87.23 
8/11/ 1966 0 1.500 100 .00 
8/11/1966 4 1.810 120.67 
8/ 11/1966 8 1.400 93.33 
8/ 11/1966 12 1.197 79.80 
aEach va lue represents the average of eigh t replications. 
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Tabl e 5. The effect s of soil surface application of simazine on 12-year-
old Montmorency sour cherry tree terminal growth after three 
years of application in orchard A 
Simazine Annual Percentage of 
Sampling application terminal growth untreated 
dates in lb/A in inchesa tree growth 
8/11/1964 0 5.794 100.00 
8/11/1964 4 6.807 117 . 49 
8/11/1964 8 6 . 003 103 . 61 
8/11/1964 12 4 . 780 82 . 50 
8/11/1965 0 5 . 608 100.00 
8/11/1965 4 7.220 128.74 
8/11/1965 8 5.325 94.96 
8/11/ 1965 12 4.106 73.22 
8/11/1966 0 5 . 082 100 . 00 
8/11/1966 4 6.898 135.73 
8/11/1966 8 4.280 84 . 22 
8/11/1966 12 3.388 66.67 
aEach value represents t he average of forty readings. 
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Table 6. The effects of so il surface application of simazine on 12-year-
o ld Montmorency sour cherry tree terminal growth after two 
years of application in orchard B 
Simazine: Annual Percentage of 
Sampling application terminal growth untreated 
dates in 1b/A in inches 8 tree growth 
8/11/1965 0 5.049 100.00 
8/11/1965 4 6.004 118.91 
8/11/1965 8 5.232 103.62 
8/11/1965 12 4.289 84.95 
8/11/1966 0 4.524 100.00 
8/11/1966 4 5.827 128.80 
8/11/1966 8 4.368 96.55 
8/11/1966 12 3. 267 72.13 
aEach value represents the average of eighty readings. 
and t e rminal growth was 66.67 percent of the growth of the untreated 
co ntrol. In the sec tion concerning chlorophyll changes resulting from 
s imazine treatmen t at 12 lb/A, the writer reported a decrease in th e 
total chlorophyll pigme nt s in Montmorency sour cherry leaves compar ed 
with the untreated contrJl . Thi s reduc tion in chlor ophyll pigmen ts may 
c ause a decrea se in the photo synth esis process re sulting in a decrease 
in plant food supply used for growth . 
Greenhouse 
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Tree growth. The changes in f. mahaleb and swee t cherry trees 
before and after simazine treatment are given in Figures 7-14. The 
results indicate that simaz ine caused both ~ - mahaleb and sweet cherry 
trees to grow l ess than the untreated control at a ll three l eve l s (4, 8, 
12 lb/A) of s imazine used, and the leaves of both species treated with 
thi s herbicide were found to be ne crotic after four week s . This is in 
genera l agreemen t with Lange et al. (1967 e), who found that application 
of s imazine at 4 lb/A in soil low in organic matter almo s t killed young 
mahaleb and Bing cher ry trees . One int eresting observation in both 
s pecies treated with 12 lb/A simazine was that the l eaves abscized, 
wh ile with the other l evels of treatment no abscis s ion wa s observed. 
In the one-year-old apple trees treated with simazine, no signifi -
cant changes in the genera l appearance were observed. This indicates 
that apple trees were somewhat tolerant to the dosages of s imazine 
applied, while f. mahaleb and sweet cherry trees were more sensitive 
to simazine und er these conditions. 
Root growth . The changes in total root growth of f. mahaleb and 
sweet cher ry tree s were observed and the re s ults are given in Table 7. 
The data s how that simazine application cau s ed th e root s ize and weight 
Figure 7. 
Figur e 8. 
One-year - old P. mahaleb cherry tree before so il surface 
application of s imazine 
One-year-old P. mahaleb cherry tree after soi l surface 
appl ication of 4 lb/A s imazine 
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Figure 9 . 
-:f'~ 
:-
~ 
One -year -old f. mahaleb cherry tree 
after so il surface application of 
8 lb/ A s imazine 
Figure 10. One-year-old E· mahaleb cherry tree 
after so il surface application of 
12 lb/A simazine .,. 
..... 
Figure 11 . One-year-old sweet cherry tree befor~ soil surface 
application of simazine 
Figure 12. One-year-old sweet cherry tree after soil surface 
applicat ion of 4 l b/A simazine 
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Figure 13. One-year-old sweet cherry tree aft•r soil surface 
applicat i on of 8 lb/A s imazine 
Figure 14 . One -year - old sweet cherry tree aft& soil surface 
application of 12 lb/A simazine 
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Table 7. The effects of so il surface application of simazine on 
container-grown one-year-old P. mahaleb and swee t cherry 
total root growth after four weeks of exposure 
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Simazine f. mahaleb Percentage of Sweet cherry Percentage 
application r oo t we ight untreated root weight of untreated 
in lb/A in grams 8 contro l in grams 8 control 
0 20.28b 100.00 80.00b 100.00 
4 16.85 83 . 09 55.98 69.97 
8 12.98 63.96 34.55 43.19 
12 11.55 56.96 29.70 37.12 
8 The roots were sun dried. 
bEach value represents the average of four replications. 
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in both speci es to increase l ess than the untreated control at the three 
l evel s (4, 8, and 12 l b/A) . Thes e changes in r oo t growth of both s pec ies 
were proportional t o the dosages of simazine applied. In comparing the 
roo t grow th of the two spec i es (f. mahaleb and sweet cherry), it was 
ind i cativ e from the results that simaz ine caused more changes in swee t 
cherry roots than in f . mahaleb r oo t s at the three dosage s used . These 
changes in r oot growth cou ld no t be a ttributed t o the initial differences 
in size, because the trees were se lected at random at the beginning of 
the exp e r iment . Henc e, the on l y obv i ous cause o f these changes was the 
e ffec t of s imazine on the biochemical reactions exi s ting in these 
species . It was also observed that sima zine damaged the leaves of both 
speci es at all three l eve l s (4, 8, and 12 lb/A), which could explain the 
changes in growth. 
Comparable application rate s in the field and in the greenhouse 
probably do no t result in comparable concentrations of the herbicid e 
in the root zo ne due to the confi ned roo t sys tems in the containers 
compared to the root systems in t he field . Tree age, distribution of 
root sys t em, difference s in soil type, and so lubility o f herbicide may 
cause some differences in the resu lt s. Hence, the 4 lb/A s imazine rate, 
for example, may cause more toxic ef fect s on the tree treated in the 
greenhouse than on the tree treated in the field. 
In apple trees trea t ed with s imazine, no apparent differe nce s in 
total root growth were observed. 
Water uptake. The changes in the amount o f water taken by apple, 
P. mahaleb, and sweet cherry trees resulting from simazine applications 
are shown in Table 8 . The application of simazine at the three l eve l s 
(4, 8, and 12 l b/A) caused a decreas e in the amount of water taken by all 
Table 8. The effects of so il surface applica tion of simazine on water 
added to one -year - old app l e, f. mahaleb, and swee t cherry 
trees 8 
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Simazine 
application 
in lb/A 
Amount of water in ml 
needed/tree/4 weeksb 
Perc entage of 
untreated 
control 
0 5 ,400 100.00 
4 5,300 96 .30 
8 5,100 94.44 
12 4,800 88.89 
0 5,200 100.00 
4 4,800 92 . 30 
8 4,000 84 . 62 
12 3,000 76.92 
Sweet Cherry 
0 6,200 100 . 00 
4 5,500 88.70 
8 4,400 70.96 
12 3, 100 50 . 00 
8 After four week s o f expo sure. 
bEach value represents the average of four replications. 
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three species. The changes were proportional to the do sage applied. At 
the 12 lb/A application, the amount of water taken by apple trees was 
88.89 percent, by~- mahaleb 76.92 percent, and by sweet cherry trees 
50.00 percent compared with untreated control. The reduction in water 
uptake in both ~- ~ and sweet cherry tree s could be related to the 
fact that the root sizes were smaller than in the control, and this 
could cause the water uptake to decrease. Another factor noted was that 
simazine application caused leaf damage and abscission at the high 
dosage which reduces or may stop leaf transpiration and may result in 
low wat e r uptake. Finally, the low leaf chlorophyll content of the 
plants treated with simazine may cause less photosynthesis, resulting 
in less shoot growth and finally less transpiration. 
In apple trees treated with simazine, the small changes in the 
amount of water taken up by these trees may be caused by the effect of 
this herbicide in reducing transpiration directly or indirectly. 
THE ABSORPTION AND TRANSLOCATION OF SIMAZINE BY 
APPLE AND MONTMORENCY SOUR CHERRY TREES 
AND ITS DISSIPATION IN SOIL 
Two plots (orchard s A and B) of twelve-year-old Montmorency sour 
cherry trees were used in the field, while in the greenhouse one-year-
o ld apple and Montmorency sour cherry tree s were tested. 
Results and Discussion 
Soil residue. The amounts of simazine residue in the soil are shown 
in Tables 9, 10, and 11. Movement o f simazine in soil was a function of 
the dosage applied. At the two lower levels of simazine application 
Table 9. The movement of 4 lb/A simazine after three years of field soi l s urface application 
in orchard A 
Simazine 
Samp l e depth 225 nm 240 nm 255 nm residue 
Year in inches O.D.a O.D.a O.D.a .c. i n ppm 
1964 0 - 6 0.394 0. 528 0.227 +0.208 2.0 
1964 6-1 2 0.756 0.409 0.26 5 
-0 . 101 
1964 12 - 18 0.813 0.351 0.286 -0 . 199 
1965 0 - 6 0 . 358 0.614 0. 181 +0.344 3.5 
1965 6- 12 0.763 0.380 0.206 -0.104 
1965 12-18 0 . 825 0.328 0 .225 -0 . 197 
1966 0- 6 0.405 0.698 0.149 +0.421 4 .2 
1966 6-1 2 0.680 0.329 0. 170 -0 . 096 
1966 12 -18 0 . 800 0.3 14 0.220 -0.196 
8 Each reading represents the average of four replications. 
\.n 
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Table 10. The movement of 8 lb/A s imazine after three years of field soil surface application 
in o rchard A 
Simazin e 
Sample depth 225 nm 240 nm 255 nm rea i due 
Year in inches O.D .a O.D . a O. D. a .6. in ppm 
-
1964 0- 6 0.380 0.742 0. 20 3 +0 .450 4.7 
1964 6-1 2 0.760 0.376 0.229 - 0 . 118 
1964 12-18 0 . 819 0 . 340 0.270 -0.205 
1965 0- 6 0.310 0.810 0.172 +0.569 6.2 
1965 6-12 0 . 746 0.336 0.196 -0 . 135 
1965 12 - 18 0.823 0.308 0.226 -0. 217 
1966 0- 6 0.314 0.885 0 .143 +0. 656 7. 2 
1966 6-1 2 0 . 722 0. 397 0.177 -0 . 053 
1966 12-18 0.808 0.325 0.194 - 0 .176 
--
8 Each value represents the average of four replications. 
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Tab lE ll. The movement of 12 lb/A simazine after three years of field soil surface application 
in orchard A 
Simaz ine 
Sampl e depth 225 nm 240 nm 255 nm 6. residue 
Year in inches O.D.a O.D.a O.D .a in ppm 
1964 0- 6 0 . 351 0.852 0.165 +0.594 6 .5 
1964 6-12 0. 775 0.390 0.200 -0.098 
1964 12-18 0.844 0.349 0.228 -0. 187 
1965 0- 6 0 . 330 0.928 0.145 +0 . 690 7. 7 
1965 6- 12 0.730 0. 372 0. 165 -0.076 
1965 12- 18 0.832 0 . 335 0.186 - 0.174 
1966 0 - 6 0.320 0.980 0 .122 +0. 759 8 . 5 
1966 6-12 0.695 0.471 0.142 +0.052 0 . 5 
1966 12-18 0.831 0.336 0.180 -0.170 
8 Each value represents the average of four repl ications. 
"' 
"' 
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(4 and 8 lb/A) and after three years of annual application, it was found 
in the soil only be tween 0-6 inches in depth. This is in agreement with 
the experiment conducted by Rodgers (1968) in which simazine applications 
up to 8 lb/A were found in the top 6 inches of soil after three months of 
application. The highest dosage of simazine used (12 lb/A) in this experi-
ment was found to be in the top 0-6 inches of soil after two years of 
annual application, while after three years of annual application this 
herbicide was found mostly in the top 0-6 inches of soil (8.5 ppm), and 
a very small amount (0.5 ppm) was detected in the 6 - 12 inch area. This 
indicates that the movement of s imazine in soil was affected by the con-
centration applied. This is also in agreement with the reports of 
Sheets (1961), Ashton (1961), and Dawson et al. (1968), indicating that 
simazine movement was affected by the rate of application. 
Simazine residue in Montmorency sour cherry leaves and fruit. The 
presence of simazine in Montmorency sour cherry leaves and fruit in both 
orchards A and B is shown in Table 12 and Table 13 . The presence of this 
herbicide in both l eaves and fruit in both orchards indicates that sima-
zine is taken up by these trees. The results indicate clearly that the 
accumulation of simazine in the leaves was higher than the accumulation 
in the fruit. The amounts of re s idue in both leaves and fruit were 
increased when the simazine dosage was increased. The differences in 
detectable amounts of simazine in the leaves and fruit may indicate that 
the herbicide enters the leaf first because it is the most active part of 
the tree at the end of the rest period. Then it may enter the fruit 
after fruit formation. The residue in the fruit probably came from the 
herbicide in the so il other than that which entered the leaves, as 
simazine moves in the apoplast only and is not retranslocated. 
Table 12. Simazine residue in sour cherry leaves and fruit at the end of three years of 
post - emergence soil surface application in orchard A 
Simazine Simazine 
application 225 nm 240 nm 255 nm b re s idue 
in lb/A o.o.a O.D . a O.D.a ~ in ppm 
--
Leaves 
0 0.800 0.360 0.249 -0.165 
4 0.852 0.405 0.210 +0.039 0. 22 
8 0.865 0.462 0.190 +0.099 0.64 
12 0. 934 0.603 0.165 +0.218 1.46 
Fruit 
0 0.620 0.305 0.228 -0.119 
4 0 . 682 0.345 0.215 +0.015 0 .08 
8 0. 795 0.410 0.196 +0.033 0.18 
12 0.900 0.485 0 . 168 +0.070 0.42 
aEach value represents the average of four replicat.ions. 
b~ ~ ). 240 - ~ 225 + )\. 255 2 
"' 00 
Table 13. Simazine residue in sour cherry leaves and fruit at the end of two years of 
pos t- emergence soil surface application in orchard B 
Simazine 
application 
in lb/A 
0 
4 
8 
12 
0 
4 
8 
12 
225 nm 
O.D . a 
0.842 
0 . 884 
0.905 
0.932 
0.622 
0.673 
0. 715 
0 . 756 
240 nm 
O. D. a 
0.453 
0.474 
0 . 500 
0.546 
0.310 
0 . 328 
0 . 364 
0.405 
255 nm 
O.D.a 
0.276 
0.258 
0.222 
0 . 203 
0.234 
0.223 
0.200 
0.184 
aEach value repr esents the average of ei gh t rep l ica t ions. 
b L:::. = )-.240 - )-.2 25 + ">-. 255 
2 
b 
L:::. 
-0.106 
+0.014 
+0.042 
+0 . 102 
-0.118 
+0.008 
+0.024 
+0.053 
Simazine 
residue 
i n ppm 
Leaves 
0.08 
0 . 24 
0.64 
Fruit 
0 . 04 
0.13 
0 . 25 
"' 
'"' 
In comparing orchard A, uncultivated, with orchard B, cultivated, 
the results revealed that the uptake of simazine by Montmorency sour 
cherry trees was enhanced by the absence of weeds due to clean 
cultivation. 
Greenhouse 
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The evidence of radioactivity in one -year-old Montmorency sour 
cherry leaves treat ed with 14c simazine is shown in Figure s 15, 16, 17, 
and 18, and is presented in Table 14. The evidence of radioactivity in 
app le leaves is given in Figures 19, 20, 21, and 22, and presented in 
Table 15. The result s from the determination of simazine residue at the 
end of the experiment (12 weeks) in the roots and soil of both 
Montmorency sour cherry and apple trees treated with 14c simazine are 
given in Tables 16 and 17, res pectively. 
The results indicated that radioactivi t y was detected in the leaves 
and the roots of both Montmorency sour cherry and apple trees treated 
with 14c simazine. This shows that uptake by both species was incr eased 
as the dosage increa sed. This is in agreement with present and past 
investigations. With r espect to the sampling period, it wa s found that 
the detectable amount of radioactivity in the leaves and roots of both 
spec ies and at all three level s (4, 8, and 12 lb/A) of simazine increased 
up to four weeks of exposure and then tended to decrease until the end 
of the experiment (12 weeks). The reduction in detectable radioactivity 
after four weeks may be caused by the increased simazine adsorption to 
so il particles plus an increase in simazine deac t ivation by the trees. 
In comparing the radioactivity present in both Montmorency sour 
cherry and apple leaves and root s, it wa s found that the detectable 
0 control; 4 4 lb/A, 8 8 lb/A, 12 12 lb/A simazine 
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Figure 15. Accumulation of 14c simazine in leaves of one-year-old 
Montmorency sour cherry trees after two weeks of expo sure 
0 control; 4 4 lb/A, 8 8 lb/A, 12 12 lb/A simazine 
• 
12 
Figure 16. Accumulation of l4c simazine in leaves of one-year-old 
Montmorency sour cherry trees after four weeks of exposure 
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0 control; 4 4 lb/A, 8 8 lb/A, 12 12 lb/A simazine 
11 
Figure 17 . Accumulation of 14c simazine in leaves of one-year - old 
Montmorency sour cherry t rees after six week s of exposure 
0 control; 4 4 lb/A, 8 8 lb/A, 12 12 lb/A simazine 
12 
Figur e 18. Accumulation of 14c s imazine in leaves of one-year-old 
Montmorency sour cherry trees after eight weeks of exposure 
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Table 14. The level of 14c simazine activity in one-year-old Montmorency 
sour cherry leaves after soi l surface application 
Simazine Sampling Sample Radioactivity 
application period weight as cpm 
in lb/A in weeks in grams 8 in the leavesb 
4 2 0.5 78 
4 4 0.5 87 
4 6 0.5 84 
4 8 0 . 5 79 
4 10 0.5 79 
4 12 0.5 69 
8 2 0.5 93 
8 4 0.5 104 
8 6 0.5 100 
8 8 0.5 98 
8 10 0.5 96 
8 12 0.5 90 
12 2 0.5 106 
12 4 0.5 122 
12 6 0.5 119 
12 8 0.5 111 
12 10 0.5 103 
12 12 0.5 102 
8 The sample s were oven dried. 
bEach value represents the average of four replications. 
0 control; 4 4 1b/A, 8 8 1b/A, 12 12 1b/A simaz ine 
" 
Figure 19. Accumulation of 14c simazine in leaves of one-year-old 
apple trees after two weeks of exposure 
0 control; 4 4 lb/A, 8 8 1b/A, 12 12 1b/A simazine 
Figure 20. Accumulation of 14c simazine in leaves of one-year-old 
apple trees after four weeks of exposure 
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0 control; 4 4 lb/A, 8 8 lb/A, 12 12 lb/A s imazine 
Figure 21. Accumulation of 14c simazine in leaves of one - year-old 
apple trees after s i x weeks of exposure 
0 control; 4 4 lb/A, 8 8 lb/A, 12 12 lb/A simazine 
11 
Figure 22 . Accumulation of 14c simazine in leaves of one - year -old 
apple trees after eight weeks of exposure 
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Tabl e 15. Th e l eve l of 14c s imazine ac tivity in one-year -old apple 
leaves after soil s urface application 
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Simazine Sampling Sample Radioactivity 
application period weight as cpm 
in lb/A in week s in gr ams a in the leavesb 
4 2 0.5 62 
4 4 0 . 5 78 
4 6 0.5 70 
4 8 0.5 68 
4 10 0.5 63 
4 12 0 .5 60 
8 2 0.5 84 
8 4 0.5 108 
8 6 0.5 96 
8 8 0.5 88 
8 10 0 .5 82 
8 12 0.5 77 
12 2 0 . 5 92 
12 4 0.5 112 
12 6 0.5 106 
12 8 0.5 97 
12 10 0.5 91 
12 12 0.5 86 
~he sample s were oven dri ed. 
bEach value represents the average of four replications . 
Table 16. Radioactive simazine r esidue in roots of one-year- old apple 
and Montmorency sour cherry trees twelve week s after soi l 
s urface application 
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Simazine 
application 
in lb/A 
Sampl e 
weight 
in grams 8 
Radioactivity 
as cpm b 
in the root s 
Sour Cherry 
4 0.5 23 
8 0.5 27 
12 0.5 34 
4 0.5 18 
8 0.5 24 
12 0.5 27 
~he samples were oven dri ed . 
bEach value r e presents the average of four replications. 
68 
Table 17. Radioactive simazine in the soil around one-year-old apple and 
Montmorency sour cherry trees twelve weeks after soil surface 
application 
Simazine 
application 
in lb/A 
Sour Cherry 
4 
8 
12 
4 
8 
12 
Radioactivity 
as cpm/per pota 
5,539 
7,940 
8,874 
6,305 
8,645 
10,275 
aEach value represents the average of four replications. 
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amounts in leaves and roots of Montmorency sour cherry trees was greater 
than the amounts found in apple leaves and roots. This may indicate 
that Montmorency sour cherry tree s treated with simazine absorbed more 
s imazine, or it may indicate that the apple trees metabolized simazine 
more rapidly than Montmo r ency sour cherry trees. The pre s ence of ce rtain 
amounts of simazine may not be as toxic to apple trees as to other 
plants. At any rate, the result s found by the author regarding the 
effects of simazine treatments on some of the oxidative enzymes and the 
chlorophyll content of the leave s indicate that apple trees are somewhat 
more resistant than Montmorency sour cherry trees. This was shown by the 
fact that fewer changes in the oxidative enzymes or in the chlorophyll 
content of apple leaves were observed, while in Montmorency sour cherry 
leaves greater changes were found . 
In comparing the amount of radioactivity left in the roots with the 
amount found in the leaves of both plant species, the re sults revealed 
that simazine accumulation in the leaves was much greater than the 
accumulation in the roots. This view is shared by Davis et al. (1959), 
who reported that simazine accumulated mostly in the leaves of cotton 
and cucumber plants and a small amount was found in other parts of the 
plants. In contrast to this, Ragab and McCollum (1961) reported that 
l4c simazine was found to be higher in the roots of cucumber and corn 
than in the leaves or stems when treated with this herbicide. The plant 
leaves are more active biochemically than the roots. Most of the plant 
transpiration, respiration, photosynthesis, and food formation occurs in 
the leaves which may affect the accumulation of simazine and increase its 
presence in the leaves more than in the roots. 
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Simazine was also detected in the soil in greater amounts at the end 
of the experiment (12 week s) in both apple and Montmorency sour cherry 
trees in containers than that present in the trees. The amount remaining 
in the soil increased as the rate of application increased. One 
interesting point observed in the detection of radioactivity in the so il 
was tha t the amount left in the soil from apple tree treatments was 
higher than the amount left in the soil from Montmorency sour cherry tree 
treatments. This may indicate that Montmorency sour cherry tree s 
absorbed more simazine than apple trees. 
EFFECTS OF SIMAZINE ON TOTAL CHLOROPHYLL PIGMENTS IN 
APPLE, MONTMORENCY SOUR CHERRY, SWEET CHERRY, 
AND f. MAHALEB ~ 
In this study, twelve-year-old Montmorency sour cherry trees were 
used in the fi e ld, while in the gr eenhou se one-year-old apple, sour 
cherry , sweet cherry, and~· mahaleb seedling trees were t ested. 
Results and Discussion 
Field 
Chlorophyll pigment s were measured by taking phy totoxic symptoms as 
a guide to correlate the condition of the plants with the observed chemi-
cal change s . The changes in the total chlorophyll pigments of twelve-
year -old Montmorency sour cherry leave s of trees treated with simazine in 
the field are shown in Tabl es 18 and 19 . These results clearly indicate 
that the application of simazine at 4 lb/A caused an increase in the 
total ch l orophyll pigments of the leave s , while the higher dosage caused 
a decrease in the total chlorophyll pigments of the leaves compared with 
the untreated control. The changes in total chlorophyll content of the 
Tab l e 18 . The effects of soi l surface application of s imazine on t o tal 
chlorophyll pigment s o f Montmorency so ur cherry l eaves in 
orchard A 
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Simazine Perc entage of 
application 665 nm untrea t ed 
Ye ar in lb/A O.D.a Control 
1964 0 0.388 100 .0 
1964 4 0.394 101.6 
1964 8 0.389 100. 3 
1964 12 0 . 280 72 . 0 
1965 0 0.310 100.0 
1965 4 0.335 108.0 
1965 8 0.286 92. 0 
1965 12 0.215 69.3 
1966 0 0 . 171 100.0 
1966 4 0.220 128.7 
1966 8 0.181 105 . 9 
1966 12 0.151 88 .3 
aEach val ue represent s the average of f o ur r e plicatio ns . 
Table 19. The effects of soil surface application of simazine on total 
chlorophyll pigments of Montmorency sour cherry leaves in 
orchard B 
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Simazine Percentage of 
application 665 nm untreated 
Year in lb/A O.D.a con t ra 1 
1965 0 0.278 100.0 
1965 4 0.296 106.5 
1965 8 0.247 88.8 
1965 12 0.204 73.9 
1966 0 0. 256 100.0 
1966 4 0.277 108.2 
1966 8 0.227 88.7 
1966 12 0 .17 6 53.1 
aEach value rep r esents the average of eigh t replications . 
73 
twelve - year-o ld Montmorency sour cherry leaves at both low and high dosages 
was enhanced with time . The s tati st ical te s t of both field plots 
(orchards A and B) indicates that simazine treatments have a significant 
effect on the chlorophyll content of Montmorency sour cherry leaves 
{Appendix Tables 1 and 2). 
The synthesis of chlorophyll, which is one of the chloroplast 
components, requires a large number of s pecialized and regulated 
reactions. Simazine may affect any one of these reactions and result 
in increasing the chlorophyll synthe s i s by direct or indirect means at 
the 4 lb/A level . 
The r educ tion i n the amount of chlorophyll pigment s in Montmorency 
sour cherry leaves at the higher dosage (12 lb/A simazine), which was 
observed visually as a chlorotic marginal band, may be attributed to the 
effect of this herbicide on the Hill reaction {Moreland et al., 1959; 
Moreland and Hill, 1962) or may be due to the destruction of the chloro-
plast as reported by Ashton et al. {1963). Singh and West (1967) indi -
cated that simazine caused a decrea se in ribonucleic acid and protein 
metabolism which may affect the synthesis of chlorophyll. Another point 
worth mentioning is that simazine at the higher dosage causes an increase 
in the activity of both peroxidase and po lyphenol oxidase enzymes and 
causes a decrease in the activity of catalase and cytochrome oxidase 
enzymes. This was studied by the author and will be discussed later . 
The changes in the activity of these oxidative enzymes may affect the 
biochemical plant cycles which could in the end decrease the formation 
of chlorophyll. This view was supported by Rhodes and Wooltorton (1967) 
who concluded that the breakdown of chlorophyll pigments in apple peel 
may be due to the changes in the activity of some of the oxidative 
enzymes . 
Greenhouse 
The amount of chlorophyll pigments in one-year-old apple , Montmorency 
sour cherry, sweet cherry, and ~ · mahaleb seedling leaves treated with 
simazine for four weeks was measured and the data are shown in Table 20 . 
These results revealed that the application of simaz ine at all three 
l evels (4, 8, and 12 lb/A) caused a small increase in the total chloro-
phyll pigments of apple leaves compared with the untreated control . This 
may be explained by the fact--found by the author in a later part of this 
study--that simazine causes some changes in the activity of peroxidase, 
polyphenol oxidase, catalase, and cytochrome oxidase enzymes. The 
changes in the activity of these enzymes may enhance simazine deactiva-
tion and st imulate chlorophyll formation . 
In the sour cherry seedling trees, simazine caused an increa se of 
chlorophyll in the leaves at the 4 lb/A level, while it caused a decrease 
in these pigments at the other two l evels (8 and 12 lb/A) compared with 
the untreated control. Chlorophyll changes were increa sed as the sima-
zine dosage was increased, and at the 12 lb/A treatment, chlorosis in the 
l eaf margins was observed. 
The changes in total chlorophyll pigments of sour cherry leaves 
treated in the greenhouse may be interpreted in the same manner as tho se 
trea ted in the field . 
In testing both sweet cherry and f. mahaleb leaves , it was found 
that s imazine caused a drastic reduction in the amount of chlorophyll in 
leaves of both species at all three levels (4, 8, and 12 lb/A) treatment . 
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Table 20. The effects o f soil surface application of simaz ine on total 
chlorophyll pigments of apple, Mon tmorency sour cherry, sweet 
cherry, and R· mahaleb leaves taken four weeks af ter t reatment 8 
Si mazine 
applica tion 
in lb/A 
~ 
0 
4 
8 
12 
Sour Cherry 
0 
4 
8 
12 
Swee t Cherry 
0 
4 
8 
12 
P. mahal eb 
-0--
4 
8 
12 
Perc entage of 
665 nm untrea t ed 
O.D .b control 
0.276 100.0 
0. 286 104.0 
0.281 101.8 
0 . 279 101.0 
0.296 100.0 
0. 311 105.0 
0 . 291 98.3 
0.276 93.2 
0.418 100.0 
0. 206 49.9 
0.121 17.0 
0.189 45 .0 
0.471 100.0 
0 . 116 24.6 
0.056 10.0 
0.108 22 .9 
8 0ne - year-o ld tree s grown in o ne-gallo n cans in the greenhouse. 
bEach value r epresents the ave rage of four replications. 
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It was also noticed that this reduction was the greatest at the 8 lb/A 
dosage rather than at the 12 lb/A dosage. Visual observation showed that 
simazine caused a necrotic area in the leaf margin and in the interveinal 
area of the leaf in both species --after 17 days in f. mahaleb leaves and 
after 25 days in sweet cherry leaves. These decreases in chlorophyll 
content of the leave s may be attributed to all the factors mentioned 
before. 
The reason for the greater reduction in chlorophyll content in both 
P. mahaleb and sweet cherry l eaves at the 8 lb/A rate rather than at the 
12 lb/A rate may be explained by the fact that the leaves treated with 
12 lb/A simazine tended to be abscized at the end of four weeks while the 
leaves from the other level s of simazine treatment s tayed intact. 
Another exp lanation may be that the root size of both swee t cherry and 
R· mahaleb trees treated with 12 lb/A simazine was smaller compared with 
trees treated with the other dosages of simazine. These factors may 
affect the absorption, translocation, and finally, the accumulation of 
simazine. 
EFFECTS OF SIMAZINE ON MONTMORENCY SOUR CHERRY 
YIELD AND FRUIT QUALITY 
Two plots (orchard s A and B) of twelve-year-old Montmorency sour 
cherry trees were used for this test in the field. 
Results and Discussion 
Fruit yield 
An important factor in the commercial value of Montmorency sour 
cherry fruit to the grower i s the yield. In thi s experiment it is 
indicative from the results (Tabl es 21 and 22) that simazine caused some 
Tabl e 21. The effect s of so il s urface application of simaz ine on yield 
of Mo ntmore ncy sour cherry trees in orchard A 
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Simazine Percentage of 
application Yield b untreated 
in units 8 ' Year in lb/A 
1964 0 
1964 4 
1964 8 
1964 12 
196S 0 
196S 4 
196S 8 
196S 12 
1966 0 
1966 4 
1966 8 
1966 12 
aThe yield units are: 
heavy 8; medium to heavy 
light = 4; very ligh t = 3; 
light = 1 ; no yield = 0. 
contro l 
6.SO 100.0 
7.SO 11S.4 
6.SO 100.0 
s. so 84.6 
4.SO 100.0 
6.00 133.3 
4.2S 94.4 
3.00 66.7 
4.SO 100.0 
s. so 122.2 
4.00 88.9 
2.00 44.S 
very, very heavy = 10; very heavy = 9; 
= 7; medium = 6; light to medium = S; 
very, v ery ligh t = 2; very, very , very 
bEach va lue represent s th e average of f o ur replications . 
Table 22. The e ffect s of so il surface application of simazine on yield 
o f Montmorency sour cherry trees in orchard B 
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Sima zine Perc entage of 
application Yield b untreated 
Year in l b/A 
1965 0 
1965 4 
1965 8 
1965 12 
1966 0 
1966 4 
1966 8 
1966 12 
aThe yield units are : 
heavy 8; medium to heavy 
light = 4; ve r y light = 3; 
light = 1 ; no yield = 0. 
in unit s 8 ' control 
6.13 100 . 0 
7.00 114.2 
6. 50 106.2 
5 . 50 59.7 
5.88 100.0 
6.25 106.3 
5.50 93 . 6 
4. 50 70.5 
very , very heavy = 10; very heavy = 9; 
= 7; medium= 6; light t o medium= 5; 
very, very light = 2; very, v ery , very 
bEach value repr esent s t he average of eight replications . 
changes in the yield of Montmorency sour cherry trees. The yield 
increa>ed at the 4 lb/A level and was enhanced with time. Thi s may be 
attribu ted to an increased number of flower buds which may have 
remained attached to the trees as a result of the treatment. In other 
word s, the application of simazine at thi s dosage may act as a s top-
drop compound to Montmorency sour cherry fruit . This view has been 
s upported by the results of Zielinski and Gareen (1951) in which flower 
buds of Montmorency sour cherry tree s were increased by about 35 per-
cent upon treatment with 2,4-D. This view of yield increase wa s also 
observed in other experiments where pe s ticide sprays were used 
(Taylor and Mitchell, 1956; and Hartz and Lawver, 1965). An increase 
in chlorophyll content of Montmorency sour cherry leaves treated with 
4 lb/A simazine, indicated previous l y, may result in an increase in 
yield. On the other hand, higher levels of simazine treatment cause 
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a decrease in fruit yield compared with the untreated control. Thi s may 
be attributed to the disruption of the biochemical system brought about 
by the higher dosages. This view is supported by result s obtained by 
the author in ano ther part of this research where higher l eve l s of 
simazine treatment were shown to cause greater changes in the activity 
of some of the oxidative enzymes and t o bring about a decrease in the 
amount of chlorophyl l pigments in the leaves. 
Fruit size 
Another factor of great importance to the grower as well as to the 
consumer is fruit size. The results of this experimen t (Tab l es 23 and 
24) indicate that simazine treatments cause some changes in fruit size. 
At the lower leve l (4 lb/ A) an increase in Montmorency sour cherry fruit 
size may be attributed to less weed competition as a result of simazine 
80 
Table 23 . The e ffects of soil surface application of simazine on size of 
Montmorency sour cherry fruit in orchard A 
Simazine Percentage of 
application Grams/50 fresh untreated 
Year in 1b/A berries8 centro 1 
1964 0 214.15 100.0 
1964 4 225.70 105.4 
1964 8 220.13 102.8 
1964 12 200.35 93.6 
1965 0 229.65 100.0 
1965 4 250.35 109.0 
1965 8 241.70 105.2 
1965 12 209.90 91.5 
1966 0 243.00 100.0 
1966 4 278.35 114.9 
1966 8 220.65 90.8 
1966 12 205 . 00 84 . 4 
8 Each value represent s the average o f four replications . 
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Tabl e 24. The effect s of soi l surface application of simaz ine on s iz e of 
Mon tmorency sour cherry fruit in orchard B 
S imazine Percentage of 
application Grams/50 fresh untrea t ed 
Year in l b/A berries 8 control 
1965 0 219.94 100 .0 
1965 4 234 .49 106.6 
1965 8 221.94 100.9 
1965 12 207 .96 94 .9 
1966 0 220.20 100 . 0 
1966 4 241.30 109.6 
1966 8 219.83 99.8 
1966 12 203.47 92.4 
8 Each value repr esent s the average of eight replicatio ns. 
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treatment. Another factor which may be of importance is the biochemical 
changes in the trees and the fruit itself as the result of these treat-
ments. It was observed by the author in another part of this research 
that simazine caused some changes in enzymat i c activity of treated trees. 
These biochemical changes cou ld affec t the product ion of sugar and other 
constituen t s of the fruit. It was also observed by the author that 
sima zine caused an increase in pigments and so luble so lid s of th e fruit 
treated with 4 lb/A treatment. This could explain the larger size of 
the fruit at this dosage. Hart z and Lawver (1965) indicated an increase 
of one percent in drained weight for every one percent increase in 
soluble solids. At the higher levels (8 and 12 lb/A) of simazine treat-
ment, Montmorency sour cherry fruit tended to decrease in s i ze. This may 
be attributed to any or all of the factors previously mentioned which 
could hav e an adverse effect on frui t size . 
Fruit color 
The color of Montmorency sour cherries is an important quality 
factor readily observed by the consumer a nd thus ha s a significant 
influence on the value of the product. In thi s experiment the pigment 
conten t of Montmorency sour cherry fruit was changed as a result of 
simazine treatments (Table s 25 and 26). Statistical testing (Appendix 
Tab le s 3 and 4) showed that changes in the pigment content were highly 
significant in both orchards A and B. The lower application (4 lb/A) of 
simazine caused the fruit pigments to increase. This may be attributed 
to factors previously mentioned. At the higher level s (8 and 12 lb/A), 
simaz ine in genera l tended to decrease fruit pigments . This may be 
explained by the changes in biochemical activity. Goodwin (1965) pro-
posed that one of the factors inhibiting sour cherry fruit color 
Table 25. The effects of soil surface application of simazine on total 
pigments in Montmorency sour cherry fruit in orchard A 
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Simazine mg Congo Red Percentage of 
application 535 nm per gram untreated 
Year in lb/ A O. D.a fresh weight control 
1964 0 0. 371 7.907 6 100 .0 
1964 4 0.441 9.3944 118.8 
1964 8 0.385 8.1005 102.4 
1964 12 0.328 7 . 0114 88.7 
1965 0 0.338 7 . 0723 100.0 
1965 4 0.429 9. 1430 129.3 
1965 8 0.343 7.3059 103.3 
1965 12 0. 274 5 . 8283 82.4 
1966 0 o. 274 5 . 8234 100.0 
1966 4 0.390 8. 3070 142.7 
1966 8 0.253 5. 4080 92.8 
1966 12 0.219 4.6594 80.0 
8 Each value represents the average of four rep l ications. 
Tabl e 26 . The effects of soi l surface application of s imazine on total 
pigmen t s in Mo ntmorency sour cherry fruit in orchard B 
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Sima z ine mg Congo Red Percentage of 
application 535 nm per gram untreated 
Year in lb/A O.D.a fresh weight contra 1 
1965 0 0.342 7.3086 100 . 0 
1965 4 0.395 8.4135 115.1 
1965 8 0 . 345 7.3485 100 .5 
1965 12 0 . 280 5.9615 81.6 
1966 0 0 .290 6. 2038 100.0 
1966 4 0.355 7.5632 121.9 
1966 8 0.267 5.8843 94.9 
1966 12 0.213 4.5275 72.7 
8 Each value represents the average of eight replications. 
formation, which is mainly anthocynin, could be attributed to the 
compounds which inf luenc e pyrimidine and purine metaboli sm. This has 
been repor ted by researchers in which plants damaged by simazine treat-
ment showed changes in the amounts of RNA and DNA, which are composed 
of pyrimidine and purine. 
Fruit soluble so lids 
The percentage of soluble so lids in Montmorency sour cherries is 
ano ther fruit quality factor important to the consumer as well as to 
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the grower. Within the fruit, many chemical reactions proceed at differ-
en t rates as a result of metabolic activity. Compounds present in the 
fruit at any given time of sampling are the result of these chemical 
reactions. The rate of these reac tions depends upon many factors within 
the plant and fruit as well as in the environment. A number of these 
factors may cause variations in the so lubl e so lid s in the fruit. 
In this experiment it was found that simazine caused an increase in 
the percentage of so l uble solids in Montmorency sour cherries compared 
with the untreated control (Tables 27 and 28) . This increase in soluble 
sol ids was found at all levels of s imazine treatment and was increased 
with time. The statistical test indicated that this increase is highly 
significant (Appendix Tables 5 and 6) . This is in agreement with the 
findings of Larsen and Ries (1960) in which simazine caused an increase 
in the percentage of so lubl e solids in grapes. In the present experiment 
these increases were highest at the 8 lb/A level and were lowest at the 
12 lb/A level. These increases cou ld be attributed to the effect of this 
herbicide on the biochemical reactions in the fruit as well as in the 
tree it self. It was reported by Taylor and Mitchell (1956), Yeatman 
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T ~ble 27. The effec t s of so il sur fac e application of s i mazine on 
percentage o f so l ub l e so lid s in Montmorency sour cherry fruit 
in orchard A 
S ima z i ne Percentage Percentage of 
application so lubl e untreated 
'!E:ar in lb/A so lid sa control 
1964 0 15.81 100 . 0 
1964 4 16.69 105.6 
1964 8 18. 38 116.3 
1964 12 16.44 104.0 
1965 0 16.31 100 . 0 
1965 4 17 . 75 109 . 0 
196 5 8 19.81 121.5 
1965 12 17.50 107 .4 
1966 0 16.80 100.0 
1966 4 19. so 116.1 
1966 8 20.50 12 2 .0 
1966 12 19.00 113 .0 
aEach value represents the average of four replications. 
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Table 28 . The effects of soil surface application of simazine on 
percentage of so lubl e solids in Montmorency sour cherry fruit 
in orchard B 
Simazine Percentage Percentage of 
app lication soluble untreated 
Year in lb /A solids a control 
1965 0 14.57 100 . 0 
1965 4 15.32 105 .2 
1965 8 17 . 13 117.9 
1965 12 15.00 103.0 
1966 0 14.38 100 . 0 
1966 4 16.26 113.1 
1966 8 18 . 43 128 . 1 
1966 12 1.5.88 110 .4 
8 Each value represents the average of eigh t replications. 
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e t a l . (1961), and Hart z a nd Lawver (1965) that th e percentage of soluble 
so lid s in Mo ntmo r ency sour che rrie s was increased a s the fruit ripened. 
For t~is r ea son it is poss i bl e t o say tha t s imazine e nhances frui t 
ripening at all three l ev e l s of s i maz ine applica tion . 
EFFECTS OF SIMAZINE ON SOME OF THE OXIDATIVE 
ENZYMES IN APPLE, MONTMORENCY SOUR CHERRY, 
SWEET CHERRY, AND K· MAHALEB LEAVES 
The determination of enzyme activity in plants provid es information 
about the ef f ects of f er tili zer s, pest control, various s torage tempera-
tures, germinatio n, and other conditions o n plants. To know th e activity 
of the different enzymes in plants during growth and after harves t may 
make it possible to di s cove r a s uitab l e herbicide. An increase in the 
ac tivity of the oxidative enzymes, for example, is detrimental to the 
quality and quantity of harvest. Increased r es piration of plant s during 
growth or in s torage is linked to large lo sses o f so lubl e so lid s . Some 
of the most important oxidative e nzymes in plant s are: peroxidase, 
poly phenol oxidase, catalase, and cytochrome oxidas e. 
In the present experiment, twelve-year -old Montmorency sour cherry 
tree s were trea ted with simazine in the fi e ld, while in the gr eenhouse 
one- year-o ld apple, sweet che rry , and K· mahal eb seed ling trees were 
used. 
Re s ults and Di s cuss i on 
Fi e ld 
Montmo r ency sour che rry. Simazine cau sed some changes in the 
a c tivity o f per oxidase, catalase, polyphenol oxidase , and cy tochrome 
oxidase in the l eaves of trea t ed trees (Figures 23 , 24, 25, and 26). 
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Figur e 23. The effects of soil surface application of simazine on 
peroxidase activity in Montmorency sour cherry leaves 
after three years of treatment 
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Figure 24. The effects of soil surface application of simazine on 
catalase activity in Montmorency sour cherry leaves 
after three years of treatment 
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Figure 25 . The ef fects of soil surface application of simazine on 
polyphenol oxida se activity in Montmorency sour cherry 
leaves after three years o f trea tment 
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Figure 26. The effects of soil surface application of simazine on 
cytochrome oxidase activity in Montmorency sour cherry 
leaves after three years of treatment 
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Pe ,oxida se activity was increas ed at all thr ee levels (4, 8, and 12 lb/A) 
of s ima zine, while catalase activity was increased at the low level of 
app l ication and decreased at the highest l evel. Visual ob s ervation 
revea l ed that only l eaves from trees receiving the highe s t level of 
applica tion showed some damage ( chlorosis), while the other leaves did 
no t . The statistical analysi s indicated that simaz ine had significant 
effect s on the activity of peroxidase and catalase enzymes (Appendix 
Tabl es 7 and 8, respectively). This is in agreement with Eastin e t al . 
( 1964b) and Goren and Monselise (1966) who r eported that atrazine cau sed 
an incr ease in pero xidase activity and a decrease in catalas e activity. 
They a l so reported that these changes in enzyme activity were increased 
a s plant leaf damage from atrazine increased. However, this is in con-
t r a s t to what Roth (1959) indicated. In virus-infected plants, several 
inves ti gators reported s timulated peroxidase activity accompanied by sup-
pressed catalase activity (Vager, 1955; Orlob and Arn, 1961; and Sus eno 
and Hampton, 1966). It is possible that increased peroxidase activity 
wa s due to a defensive reaction or perhaps was caused by the balance of 
activity between peroxidase and catalase. Winder (1966) indicated there 
was a relationship between catalas e and peroxidase activity in Mycobacteria. 
High peroxidase activity was found to be accompani ed by low catalas e activ-
ity. Another possibility which may have caused suppr ession of catala s e 
activity is simazine inhibition of the Hill reaction in photo synthes i s . 
Thi s inhibition may have limited carbohydrates or other necessary con-
s tituents for catalase protection and activity . 
The activity of polyphenol oxidase was decreased at the low level of 
s imaz in e a pplication (4 lb/A), while at the higher levels (8 and 12 lb/A) 
the activity of thi s enzyme wa s increased. The changes, however, wer e 
not s tatistically s ignificant (Appendix Table 9). 
Simaz ine application caused a small increa se in the activity of 
cy toc~ rome oxidase at al l three levels (4, 8, and 12 lb/A) of herbicide 
used. Statist ical testing revealed that the changes in the activity 
of this enzyme were not significant (Appendix Tab l e 10). 
Greenhouse 
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~- Simazine application to young apple trees caused little 
change in the activity of peroxidase, catalase, polyphenol oxidase, and 
cy tochrome oxidase enzymes in th e l eaves of these trees (Figures 27, 28, 
29, and 30). Peroxidase activity increased at al l three levels of 
application and with time, while catalase activity increased with the 
l ow dosage and decreased with the high dosage. Visual observation 
revea l ed no apparent leaf damage from any of the three treatments. How-
ever, some biochemical changes in the leaves may have occurred before 
visual de t ection. The statistical test indicates that s imazine treat-
me nts had no s ignificant effects on the results. However, sampling time 
did affect the re sults (Appendix Tables 11 and 12). 
Simazine applicat i ons caused increases in the activity of polyphenol 
oxidase and cytochrome oxidase enzymes. The statistical test indicates 
that simazine alone had no significant effect on the results, but that 
either sampling time or the interaction of treatments with the sampling 
time caused changes in the results (Appendix Tables 13 and 14). 
Finally, the results indicate that simazine application to young 
apple trees caused no significant changes in the leaves from the activity 
of peroxidase, catalase, polyphenol oxidase , and cytochrome oxida se. 
Enzyme activity changes resulted from the aging of l eaves . 
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Figur e 28 . The effects of soil surface application of s imazine on 
catalase activity in apple leaves 
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P. mahaleb . The application of simazine to young f. mahaleb trees 
ca used great changes in the activity of the four oxida tive enzymes 
s tudied in the leaves (Figure s 31, 32, 33, and 34). Peroxidase activity 
increased, while catalase activity decreased. The changes became 
gr eate r as the s imazine dosage was increased and with time. The sta t is-
tical analysis indicated that s imazine treatments, sampling time, and 
interaction of treatments with samp ling time have highly significant 
effects on the results (Appendix Tables 15 and 16). These results may 
be explained by the reasons given for changes in peroxidase and catalase 
activity in Montmorency sour cherry leaves (pp . 88-93) . 
Polyphenol oxida se and cytochrome oxidase activities were changed 
in the leaves of young treated f. mahaleb trees (Figure s 33 and 34, 
respectively). Polyphenol oxidase activity increased at all three levels 
of simazine application and with time. The statis tical t es t showed that 
s ima z ine treatments, sampling time, and the interaction of treatments 
with s ampling time had s ignificant effects on polyphenol oxidase enzyme 
activity (Appendix Table 17). 
Thimann et al. (1954), studying terminal oxidase in potato tuber 
tissues, observed increased polyphenol oxidase activity in sliced and 
washed dices. Hamp ton and Fulton (1961) reported elevated polyphenol 
oxidase activity in cucumber ti ssue infected with prune dwart virus or 
necrotic ring spot virus. They demonstrated that the increased poly-
phenol oxidase activity was a defense mechani sm by the ho s t ti ssue to 
limit the invading virus. Suseno and Hampton (1966) observed an increase 
in polyphenol oxidase activity in tobacco leaves as a result of TMV 
infection . They also reported more tobacco leaf damage caused by this 
v irus than by the activity of the enzyme . 
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It is interesting to note that R· mahaleb leaves collected from the 
three simaz ine treatments (4, 8 , and 12 lb/A) showed necrotic areas 
around the leaf marg ins and in the interveinal area s. The results 
obtained by the author indicate tha t the increase in polyphenol oxidase 
activi t y in R· ~ l eaves is associated with the increase in leaf 
damage in the simazine-treated trees. Thi s may be explained as a defen-
sive ac tion produced by th e plants to limit s imazine actio n, o r it may 
be a result of increased leaf browning caused by simazine trea tment s . 
S imazine also caused increases in the activity of cytochrome oxidase 
in R· ~ leaves (Figure 34) . The sta ti stica l test indicated that 
simaz ine by it self caused no significant changes in the enzyme ' s 
activ ity, but tim e of sampling and int eraction between t rea tment s and 
sampling time had s ignif i c a nt effec ts on the results (Appendix Tabl e 18). 
These factors may have had an e ff ec t on the electron trans f e r sys t em, and 
aging l eaves may have le ss biochemical activity than actively growi ng 
l eaves. 
Swee t cherry. Peroxidas e enzyme activity increased in the l eaves 
of trees treated with simazine (Figure 35), while catalase ac tivity 
decreased in the l eaves (Figure 36). The s t atis ti ca l t es t revea l ed tha t 
the changes in the ac tivity of both enzymes were caused mainly by the 
time of sampling (Appendix Tables 19 and 20, re s pectively). These 
changes may have been caused by an increas e in r e spiratio n which 
enhanced the aging of the l eaves . 
Po l ypheno l oxida se activity in swee t cherry leaves collected from 
trees treated with simaz ine at all three levels and the degree of change 
in the activity were i n close re l a tionship with the degree o f leaf 
damage (Figure 37) . The mor e severely damaged swee t cherry leaves, which 
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had a larger area of necro s i s in the leaf margins and the interveinal 
par t s , were a ssociated with a high increase in the activity of poly-
pheno l oxida se. The statistical test revealed that increase s in enzyme 
ac tivity were caus ed by simazine treatments, sampling time, and also by 
the interaction o f sampling time with the treatments (Appendix Table 21) . 
Thi s may indicate that polyphenol oxidase activity increased in response 
to the effects of simazine. 
Cy tochrome oxidase activity in sweet cherry leaves was decreased in 
trees treated with simazine (Figure 38). The statistical analysis indi-
cat ed these changes were caus ed mainly by the sampling time. Changes 
caus ed by simazine treatments were not significant (Appendix Table 22) . 
The changes in cyto chrome oxidase activity in these leaves may be 
e xplained by the same factors affecting its activity in the leaves of the 
other plant speci e s studied. 
The r e sult s s how that 8 lb/A simazine treatments caused the highest 
c hanges in the activity of the four enzymes tested in !· ~ and 
swee t cherry trees compared with the other do sages (Table 29 and 
Figure s 39, 40, 41, and 42). This may seem opposed to the logical 
expectation that changes in e nzyme activity would be proportional to the 
dosages of simazine applied, but these results may be explained by the 
fa c t that some of the leaves in both species abscized at the 12 lb/A 
do sa ge when the trees were moved at the end of the experiment. In the 
trees which received 0, 4, and 8 lb/A dosages in both species, no 
defoliation was observed. The abscission of l eaves at the 12 lb/A 
do sage may reduce the amount of the herbicide entering the leaves and 
may cause le ss l eaf damage and fewer changes in enzyme activity compared 
with t he 8 lb/A-trea ted tree s . Another factor which may have affected 
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Table 29. The e ffects of simazine on the act ivity of peroxidase, polyphenol oxidase, 
catalase, and cytochrome oxidase in apple, Montmorency sour cherry, sweet 
cherry, and R· mahaleb l eavesa 
Reaction time 
4 min. 2 min . 
Peroxida se Polyphenol oxida se 
O.D . at 425 nm O.D. at 330 nm 
Simazine lb/A 
0 4 8 12 0 4 8 12 
. 593b 
-1. O%c +4.47. +7 .6% +ll. 7% +19. 5% +23 .47. 
Apple .587 .619 .638 .077 .068 . 062 .059 
+.98% +14.47. +37.7% -5. 77. +10.3% +26 . 0% 
Sour cherry .411 . 415 . 470 .566 .087 .092 . 078 .066 
+49 . 3% +69 .8% +52.8% +64. 37. +80.0% +67.1% 
Sweet cherry . 519 .775 .881 .793 .070 .025 . 014 . 023 
+76.1% +107.3% +90.2% +66 . 7% +80.0% +73 . 37. 
R· maha1eb .234 .412 .515 .445 . 030 .010 .006 .008 
.... 
.... 
.,. 
Tab l e 29. Continued 
Reaction time 
4 min. 10 min . 
Ca t alase Cytochrome oxidas e 
O.D. at 240 nm O.D. at 550 nm 
Simazine lb/A 
0 4 8 12 0 4 8 12 
+5 . 5% +4 .4% -29 . 17. +16 . 8% +8 . 57. +6.5% 
Apple . 676 .639 . 646 .859 . 400 . 333 . 366 . 374 
+9.1% +1. 67. - 31.0% -8.01. -16.67. - 23. 17. 
Sour cherry .839 .763 .825 1.099 . 350 . 378 . 408 .431 
-22.0% -4 3.3% -24.97. -22. 9% -43 .9% -26 . 1% 
Sweet cherry . 591 .72 1 . 847 . 738 .524 .644 . 754 .661 
-68.07. -85 .0% -70.0% - 10.3% -48.2% -16.9% 
f. mahaleb 1 . 033 1. 738 1.908 1. 749 .195 . 215 . 289 .228 
aSweet cherry and P. mahaleb l eaf samples were collected af t er 738 hours of exposur e , 
while apple l eaf samples were collected after 624 hours of exposure. Sour cherry sampl es 
were co llected a t the end of three consecutive years o f s i mazine t reatment. 
bAbsorbance at the specific wave l ength. 
cPercentage increase o r decreas e in enzyme activi t y. .... 
.... 
V> 
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these results was the reduction in root size in both species, which was 
pro?ortional to the dosage of simazine applied, as indicated in the 
sectior dealing with tree growth (p. 45). This means that the size of 
the root s in both species at the 8 lb/A rate wa s larger than the size 
of the roots at the 12 lb/A rate. The smaller root size at the 12 lb/A 
rate may have caused the trees to absorb le ss s imazine and consequently 
may have brought about f ewer changes in enzyme activity and less leaf 
damage . 
In summary , vi sual observation showed that simazine damaged both 
g. mahaleb and sweet cherry trees at all three l evels of appl icat i on . 
Damage to g. mahaleb leaves was observed about 17 days after application 
and to swee t cherry leaves about 25 days after applica tion . The symptoms 
of damage were necrosis in the interveinal area in general and in the 
leaf margins specifical l y. At the end of all treatment periods the 
activi ty of the four e nzymes was shown to change greatly in the leaves 
of these two species (Table 29 and Figures 39, 40, 41, and 42). 
Peroxidase and polyphe nol oxidase activity was increa sed in the l eaves 
of both s pecies as a re 3ult of s imazine treatment, whil e cata lase and 
cytochrome oxida se activity was decreased in the leaves compared with 
the untr ea ted control . 
In contrast, Montmorency so ur cherry l eaves were s lightly damaged 
(chlorosi s) at the 12 lb/A simazine dosage only, while apple leaves 
showed no simazine damage throughout the entire experiment. Peroxidase 
ac tivity in Montmorency sour cherry leaves increa sed at all levels of 
a pplication, while polyp henol oxidase activity was increas ed on l y at th e 
higher simaz ine dosages (8 and 12 lb/A) compared with the untreated con-
trol . Catalase activity in Montmorency sour cherry leaves increased at 
~ . 
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th e two lower l ev e ls of application, while at the 12 lb/A level it s 
activity de cre a sed markedly. Cy to chrome oxidas e activity in the l eaves 
of t t i s s peci es decreased at all three leve l s compared with the control 
(Ta bl e 29 and Figur es 39, 40, 41, and 42). 
Th e activity of peroxidase, polyphenol oxidase, and cytochrome 
oxidase in apple leaves incre as ed as a result of simazine treatments, 
while the activity of catala s e increased slightly at the two lower 
l eve l s and decreas ed only at the 12 lb/A level compared with the 
un t reated control (Table 29, and Figures 39, 40, 41, and 42). 
Tes ting f o r activation or inactivation of the four oxidative 
enzym es i.s essential, since their activity could determine the condition 
o f the plant. For example, the increases in peroxidase and polyphenol 
oxidas e activity in K· mahaleb and sweet cherry leaves as a result of 
s irnazine treatment indicated ti ssue damage, because they were associated 
with gr eater browning of leave s in both species. Doby (1965) reported 
tha t when concentrations of pe roxidase and polyphenol oxidase were 
inves tigated in various part s o f the female flowers (stigmata) of corn 
during their deve lopm•·ntal period, it was found that blackening of th e 
a ging a nd fertiliz ed s tyle s was caused by polyphenol oxida se and, in 
.particular, by pe roxidase through aromatic H-donors present in the cell s . 
Doby also reported that in the initial period of style development the 
concentration of peroxidase ranged to three times that of polyphenol 
o xida s e, and thi s ratio gradually rose to about six or seven to one when 
the s tyle s died. This is in agreement with the results found in thi s 
e xpe riment, indicating that simazine treatment enhances aging. 
Ca talase oxidizes 2H2o2 and free s 02, preventing detrimental effect s 
of Hz02 without the participation of any H-donors in the reaction (Doby, 
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1965). Hence, the decrease in the act i vity of thi s enzyme fo und in 
leaves of trees treated wi th s ima z ine may have increased the accumulation 
of H202 and may have caused a toxic e ffect on the fruit trees. 
Cytochrome oxidase catalysis is the final s tep in the e l ec tron trans-
fer system in plant s (Doby , 1965). Simazine treatment s caused a decrease 
in cytochrome oxidase activity in all cherry leaves (Figure 42). This may 
have decreased respiration. However, s imazine treatmen t s caused an 
increase in cytochrome ox i dase activity in apple l eaves. 
In observing the activity of these enzymes before simazine applica -
tion, it was found that resis tant species, such as app l e , had high peroxi-
dase activity, l ow polyphenol ox i dase activity, but modera te catalase and 
cytochrome oxidase ac tivity. Moderately res i s tant s pecies , s uch as 
Montmorency sour che rry tr ees , had moderate peroxidase, catalase , and 
cytochrome o xidas e activity but v ery low polyphenol oxidase activity com-
pared with other s pecies s tudi ed. Finally, plant species sensitive t o 
simazine, s uch as P. maha l eb and sweet cherry trees, s howed a wide range 
of enzyme activity. R· mahaleb leaves had l ow pe r oxidase a nd catala se 
activity and high polyphenol oxidase and cy t ochrome oxi dase activity com-
pared with other species . In sweet cherry leaves the activity of both 
peroxidase and polyphenol oxidase was modera te, while catalase a ctivity 
was high and cy t ochrome oxida se activity was low compared with th e 
activity of these enzymes in the o the r species s tudied. 
The foregoing indicates that each plant s peci es ha s definite 
enzymatic relationships and any changes in these relationships through 
simazine treatment will cause damage to th e plant s . 
CHAPTER V 
DAIAPON 
EFFECTS OF DALAPON ON WEED CONTROL AND 
MONTMORENCY SOUR CHERRY TREE GROWTH 
Two plots (orchards C and D) of twelve -year - o ld Montmorency sour 
cherry trees were selected and treated with dalapon in the field. 
Result s and Discussion 
Weed control. Single yearly applications of dalapon at 8, 16, or 
24 lb/A were not very effective in controlling all weeds existing in 
orchard C (Figures 43, 44, 45, a nd 46) . The 8 lb/A dalapon application 
caused a reduction in grass growth and leaf burn and l eaf buckling to 
broad-leaved weeds. The 16 lb/A dalapon application caused a greater 
r eduction in weed growth compared with the 8 lb/A dalapon application. 
At 24 lb/A dalapon killed all grasses and stunted broad-leaved weed 
growth more severe l y than the other dalapon dosages . 
This illustrates that dalapon was a se lective grass killer where 
applied at low dosages, and that it could affect the growth of all 
plants when applied at high dosage. 
Montmorency sour cherry tree growth. The resul ts (Tables 30, 31, 
32, and 33) indicate that dalapon at all l evels (8, 16, and 24 lb/A) of 
application caused a decrease in trunk and terminal growth of Montmorency 
sour cherry trees in both orchards C and D compared with the untreated 
control. Growth reduction was enhanced by the increase in dosage and 
Figur e 43 . The weeds ex i sting in orchard C before dalapon application 
..... 
"' 0 
Figure 44. The weeds ex i st ing in orchard C after 8 1b/A da1apon 
applica tion 
121 
......... ________ __ 
Figure 45 . The weeds existing in orchard C after 16 lb/A dalapon application ,.... 
N 
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Figure 46. The weeds existing in orchard C after 24 lb/A dalapon application ..... 
N 
w 
Tabl e 30. The effects of dalapon on trunk growth of 12-year-old 
Montmorency sour cherry trees in orchard C 
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Dalapon Annual Percentage of 
Application diameter increase untreated 
Year in lb/A in inches a tre e growth 
8/11/1964 0 1.590 100 .00 
8/11/1964 8 1.580 99.37 
8/11/1964 16 1.480 93.00 
8/ 11/1964 24 1 .320 83.03 
8/11/1965 0 1.550 100 .00 
8/11/1965 8 1.490 96.10 
8/11/1965 16 1.380 89.00 
8/11/1965 24 1.200 77.42 
8/ 11/ 1966 0 1.530 100.00 
8/11/1966 8 1.410 92 .16 
8/11/1966 16 1.280 83.66 
8/11/1966 24 1. 100 71.90 
aEach va lue repre sents the average of four replications . 
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Table 31. The effects of dalapon on trunk growth of 12-year-old 
Montmorency sour cherry trees in orchard D 
Dalapon Annual Percen tage of 
Application diameter increase untreated 
Year in lb/A in inches8 tree growth 
8/ 11/1965 0 1. 725 100.00 
8/11/1965 8 1. 575 92 .46 
8/11/1965 16 1.425 82.60 
8/ 11/1965 24 1. 345 77.97 
8/ 11/1966 0 1. 685 100.00 
8/11/1966 8 1.495 88.72 
8/11/1966 16 1.235 73.30 
8/11/1966 24 1.105 65.68 
8 Each value represents the average of eight replications. 
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Tabl e 32. The effects of dalapon on terminal growth of 12-year-old 
Montmorency sour cherry trees in orchard C 
Dal apon Annual Percentage of 
application t ermina 1 growth untreated 
Year in lb/A in inches 8 tree growth 
8/11/1964 0 6.590 100.00 
8/11/1964 8 6. 511 98.8 1 
8/11/ 1964 16 6.025 91.43 
8/11/ 1964 24 5.228 79.33 
8/11/1965 0 6.463 100.00 
8/11/1965 8 6 .11 5 94.63 
8/11/1965 16 5.606 86.74 
8/11/1965 24 4 .802 74 .30 
8/11/1966 0 5. 758 100 .00 
8/11/1966 8 5.125 89.00 
8/11/1966 16 4.565 79.28 
8/11/1966 ~4 3.802 66 . 03 
aEach value represents th e average of forty read ings. 
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Table 33. The effects of dalapon on terminal growth of 12 - year-old 
Montmorency sour cherry tree s in orchard D 
Dalapon Annual Percentage of 
application terminal growth untreated 
Year in lb/A in inchesa tree growth 
8/11/1965 0 6.590 100.00 
8/11/1965 8 6.038 89.45 
8/11/1965 16 5.203 77.00 
8/ 11/1965 24 4.625 68 .52 
8/11/1966 0 6.338 100.00 
8/11/1966 8 5 . 260 82.92 
8/11/1966 16 4 . 463 70.42 
8/ 11/1966 24 3.513 57.00 
aEach value represents the average of eighty readi ngs . 
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with time, s ugges ting that dalapon accumulated in the trees. Thi s i s in 
agreement with the results ob ta i ned by Lange e t al. (1967c) in which the 
appl ica tion of dalapon a t 4 and 16 lb/A t o six-month-old Mariana 2624 plum 
trees caused a reduction in t runk gro~th , whi le in another exper iment 
Lange e t a l. (1967b) reported that the application of dalapon at 16, 32, 
and 64 lb/A to sand culture in which Bartlett and Winter Nelis pear 
seed lings were grown cau sed little damage t o these trees. The factor 
which may influence the growth of Montmor ency sour cherry trees i s that 
dalapon app lica tions decrea se the synthe s i s of coenzyme A (Crafts , 1961) . 
Thi s r eduction in growth may be a reflection of the decrea se in t o tal 
chlorophy ll pigments in the leaves of thi s s pec ies as a result of dalapon 
treatment ( see Table 34). 
In comparing orchards C and D, it wa s found tha t dalapon applica-
tions reduced Montmorency sour cherry tree growth more in orchard D 
than in orchard C. Thi s indicates that the weeds in orchard C absorbed 
some of the herbicide and in so doing reduced the amount of dalapon 
abso rbed by the trees which reduced the damage t o the tree s . 
The fo liage of sour cherry trees gr owing in so il treated with 
da l apon s howed l eaf tip burn at 8 lb/A treatment and leaf edge burn at 
16 and 24 lb/A dalapon treatment s . Damage to sour cherry tree fo l iage 
increased a s dalapon do sage increased and with time. Thi s indicates 
that dalapon accumula t es in this region of the l eaf. 
EFFECTS OF DALAPON ON THE TOTAL CHLOROPHYLL PIGMENTS 
OF MONTMORENCY SOUR CHERRY LEAVES 
In the field, two plots (orchards C and D) of twelve-year-old 
Mo ntmo r ency sour cherry trees were selected and treated with dalapon . 
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Results and Di scuss i on 
Field 
~he re sult s (Tables 34 and 35) indicate that dalapon at all level s 
(8, 16, and 24 lb/A) in both orcha rds C and D caused a decrease i n the 
tota l chlorophyll pigment s o f sour cherry leaves compared with the 
unt reated co ntro l. The reduction in chlorophyll pigme nt s wa s enhanc ed 
with higher dalapon dosages and with time. 
The synthesis of chlorophyll requ,res a large numbe r of s pecialized 
and regulated reaction s . Dalapon may affect any one of these reac ti ons 
and resul t in i nhibit i on of chlorophyl l forma tion or it s breakdown. 
Some of the suggested si t es of dalapon action which may affect 
chloro phyll pigments directly or indirectly are: (1) pyruva t e 
metabo li sm, (2) pyruvate pro t ein complex, (3) pantothenic acid synthes i s , 
(4) B-alanine synthes i s , and (5) coenzyme A production. 
Redemann and Hamake r (1954) r e por ted that dalapon inhibited pyruvic 
acid me t abolism by compet itive and noncompetitive means. They also indi -
cated that thi s herbicide caused a precipitatio n or denaturization of the 
protei n in the pyruvate -protein complex. Hi lton e t al. (1959) indicated 
that when dalapon was added t o the pantothenate synth es i zing enzyme from 
Escheri chia coli , pantoate, B-alanine, and adenosine triphosphat e (ATP), 
it inhibited th e enzyma tic synthes is of pantothenat e. Because panto-
thenic acid i s a component of coenzyme A (Co A), and Co A i s one o f the 
most i mportant enzymes invo l ved in the trans fer of acetyl groups in 
carbohydrate, fat, and nitrogen metabolism, it seems obvious that dis-
turbance of Co A production would be extreme l y hazardou s t o plants in 
general and t o chlorophyl l synthes i s in pa rticular . 
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Table 34. The effects of dalapon on t o t a l chlorophyll pigments in 
Montmor e ncy sour cherry leaves in orchard C 
Dalapon application Absorbance Percentage of 
Year in lb/A at 665 run a untreated leaves 
1964 0 0.410 100.00 
1964 8 0.406 99.02 
1964 16 0.384 93.66 
1964 24 0.327 79.76 
1965 0 0.350 100.00 
1965 8 0. 340 97.14 
1965 16 0.292 83 . 40 
1965 24 0.246 70.29 
1966 0 0.232 100.00 
1966 8 0 .216 93.15 
1966 16 0.184 79.30 
1966 24 0.143 61.64 
aEach value represents the average of four replications. 
Table 35. The effects of dalapon on total chlorophyll pigments in 
Montmorency sour cherry leaves in orchard D 
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Dalapon application Absorbance Percentage of 
Year in lb/A at 665 run a untreated leaves 
1965 0 0.276 100.00 
1965 8 0.268 97.10 
1965 16 0 . 237 85.87 
1965 24 0 .2 12 76.80 
1966 0 0 . 256 100.00 
1966 8 0. 243 94.92 
1966 16 0.217 84 . 77 
1966 24 0 . 174 67 .97 
aEach value represents the average of eight replications . 
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The result s obtaine d from thi s experiment are in agreement with those 
observed by Hick s and Flet cha ll (1967) wher e dalapon wa s applied t o a 
corn fi e ld to control J ohnsongra ss. They indicated that 7.4 lb/A da l a pon 
caused injury symptoms t o co rn co ns i s ting of marginal leaf burn and gray 
gr e en co lor. 
In comparing orchards C and D, it was found that dalapon applica-
tions cau sed the reduction rate in chlorophyll pigments of sour cherry 
l eaves t o be more in orchard D than in orchard C. This indicates that 
the weeds in orchard C absorbed some of the herbicide and in so doing 
r educed the amount of dalapon ab sorbed by the trees and thus reduced l eaf 
damage. 
From visual observation of sour cherry leaves it was found that 
thos e treated with the 8 lb/A dalapon had a dark necrosis in the terminal 
end s. With the 16 lb/A dalapon treatment this necrotic area increa s ed t o 
cover about half of the marginal edge of the leaf, and with the 24 lb/A 
trea tm ent th e necrotic area covered the entire marginal edge and was 
wi der than wi th the other treatments . This wa s increased with time. 
The necro tic area on the tip and marginal edge of sour cherry 
l eaves indicates that dalapon accumulates in this region of the l eaf. 
EFFECTS OF DALAPON ON MONTMORENCY SOUR CHERRY 
YIELD AND FRUIT QUALITY 
In this experiment twelve-year-old Montmorency sour cherry tree s 
we r e treated with dalapon in the field . 
The author was unable to find any studies conducted on the effect s 
o f dalapon application on sour cherry yield and fruit quality. 
The purpose of thi s experiment was to study the effects of three 
l JJ 
l evels of dalapon application on tree yi e ld and size, colo r, and solubl e 
so lid s of the fruit, th e main factors in fruit quality . 
Result s and Discuss i on 
fi e ld 
Fruit yie~. Dalapon applications reduced the yield of sour cherry 
trees in both o rchards and at all levels used in thi s experiment . The se 
r eductions in y i eld (Tables 36 and 37) became greater as th e do sage of 
dalapon wa s increased and with time. 
Wilkinson (1962) found that dala pon produced antagonistic effec t s 
to indol acetic acid (IAA) in corn coleoptile and pea stem sect ion s . 
These e ffe cts were increa sed as the concentration of dalapon used wa s 
increased and with time . The inhibition of the auxin by dalapon may 
disrupt the balanc e of auxin in sour cherry fruit and finally cause t he 
fru it to abscize, res ulting in yield reduction. 
In comparing the two orchards, C and D, it was found that the 
reduct ion in yie ld in orchard D wa s greater than that in orchard C. Thi s 
indicates that weeds in orchard C absorbed some of the herbicide and in 
so doing reduced the amount of dalapon absorbed by the trees and thus 
reduced the damage to fruit yield. 
Fruit size . Dalapon treatments caused decreases in sour cherry 
fruit size in both orchard s and a t all l eve l s of dalapon application 
(Tables 38 and 39). The fruit size became smaller with increased dalapon 
concentrations and with time. Th i s may be explained by the effec t of 
dalapon on growth in general observed by the author. Dalapon r educed 
so ur cherry tree growth and also the chlorophyll content of the l eaves. 
7h i s damaging effect of dalapon on chlorophyll may reduce the 
134 
Table 36. The effects of dalapon on yi eld o f Montmorency sou r cherry 
trees in orchard C 
Dalapon application Yi eld Pe rce ntage of 
a Year in lb/A 
1964 0 
1964 8 
1964 16 
1964 24 
1965 0 
1965 8 
1965 16 
1965 24 
1966 0 
1966 8 
1966 16 
1966 24 
aThe yield units are: 
heavy 8; medium to heavy 
light = 4; very light = 3; 
light = 1; no yield = 0 . 
Each va lue r e present s 
in unit s untreated control 
7.00 
6.85 
6.65 
6.00 
6.25 
5 .95 
5.50 
4.80 
5.50 
5.15 
4.45 
3.80 
very, very heavy = 10; very heavy= 9; 
= 7; medium= 6; light to medium= 5; 
v ery, very light = 2; very, very, very 
th e ave rage of four replications . 
100.00 
97.86 
95.00 
85.71 
100.00 
95.19 
87.00 
76.80 
100.00 
93.63 
79.10 
69.10 
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Tab l e 37 . The e f fe ct s o f da lapon on yield of Montmo r ency sour che rry 
trees in o r c ha rd D 
Da l a pon a pplication Yield Perc e ntage of 
Yea r in lb/A 
1965 0 
1965 8 
1965 16 
1965 24 
1966 0 
1966 8 
1966 16 
1966 24 
aThe yield units are: 
heavy 8; medium to heavy 
light = 4; very light = 3; 
light = l; no yi e ld = 0. 
Each value r e present s 
in unit s 8 untre ate d control 
6.50 
6.25 
5.83 
5.14 
6.00 
5 . 48 
4.95 
3 . 65 
very, very heavy = 10; very heavy = 9; 
= 7; medium= 6; light to medium= 5; 
very, very light = 2; very, very, very 
the average o f eight repli catio ns. 
100 . 00 
96 . 15 
89 . 69 
77 .54 
100 . 00 
91.33 
82 . 50 
60 . 83 
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Tabl e 38. The effects of da1apon on s ize o f Mon tmo rency sour cher r y 
fruit in orchard C 
Da1apon application Gram s/ 50 f re sh Perc entage of 
Year in 1b/A berrie s 3 untreate d control 
1964 0 224 . 45 100.00 
1964 8 221.18 98.54 
1964 16 215 . 20 95 . 98 
1964 24 200 . 40 89.29 
1965 0 228.95 100 . 00 
1965 8 223.15 97 .t.4 
1965 16 210.70 92 . 04 
1965 24 190.65 83.27 
1966 0 248.65 100.00 
1966 8 235 .9 3 94.89 
1966 16 218.95 87 .65 
1966 24 180 . 78 72 . 70 
3 Each value represen t s the average of four replicat i ons. 
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Tabl e 39. The e ffect s o f da l a pon on s ize of Mo ntmorency sour cherry 
fruit in o rchard 0 
Dalapon application Grams/50 fresh Percen t age of 
Year in lb/ A berries 8 untreated control 
1965 0 241.72 100.00 
1965 8 232.35 96.10 
1965 16 221. 88 91.80 
1965 24 205.80 85.00 
1966 0 251. 55 100.00 
1966 8 230.45 91.61 
1966 16 215.60 85.31 
1966 24 189.40 75.30 
8 Each value repres ent s the average of eight replications. 
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pho to synthesis process and finally r educe fruit size. Crafts (1961) 
repo r t ed t hat dala po n treatments c aus ed a r eductio n i n Co A synthe s i s . 
Thi s may af f ect c arbohyd rate, nitrogen, organic ac id, and fa t metabo li sm, 
wh ic h could hav e a s t rong bearing on r eduction in fruit size. Red uctio n 
in so ur che rry fruit s i z e r e s ulting from dalapon treatment s may be 
cau s ed by one or all of the factors mentioned above. 
In comparing the two o rchards, it was observed that changes i n fr ui t 
s i ze i n o rcha rd D as a resu l t o f dalapon treatment s were grea t e r t han 
c ha nges in orchard C. Thi s may be t he r esult of weeds growing i n 
o rchard C which reduced the amount of herbicide taken by the trees . 
Fruit pigment . The total pigments of Montmorency sour cherry fruit 
is another quality factor readily observed by the consumer and thus a 
significant influence on th e value of the product. In this experiment, 
pigmentation of Montmorency sour cherry fruit was reduced in both 
orchard s and at all dalapon treatment levels compared with the untreated 
control. The loss of pigment in sour cherry fruit became greater with 
inc rea sed herbicide dosage and with time (Tables 40 and 41). The reduc-
tio n of pigmentation in sour cherrie s may be explained by the r e port o f 
Cra f t s (1961) in which he indicated that dalapon applications decreas ed 
Co A synthesis. This reduction in Co A may affect the pigment synthe s i s 
in sour cherries. 
Fruit soluble solids . Dalapon caused an increase in the percentage 
o f soluble solids in sour cherry fruit in both orchards compared with the 
contro l. The increased percentage of soluble solids was found t o be 
enh a nced with increased dalapon dosages and with time (Tables 42 and 43). 
Cr a ft s (1961) indicated that dalapon reduced or inhibited Co A synthe s i s 
which could affect the metaboli sm of carbohydrate, organic acid, nitrogen , 
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Tab l e 40. Th e effects of dalapon on total pigment s in Montmorency sour 
cherry f ruit in o r chard C 
Dalapon Mg Congo Red Percentage of 
applicat i on O.D. at per gram untrea t ed 
Year in lb/A 535 nm a fre sh weight contro l 
1964 0 0 . 372 7 . 9236 100.00 
1964 8 0. 349 7. 4337 93.67 
1964 16 0 . 313 6.6669 84.14 
1964 24 0. 278 5. 9214 74.74 
1965 0 0 .354 7. 5402 100.00 
1965 8 0.320 6.8160 91.40 
1965 16 0.275 5.85 75 77 . 69 
1965 24 0.225 4.7925 63.56 
1966 0 0. 347 7. 3911 100.00 
1966 8 0.305 6.4965 87.90 
1966 16 0 . 248 5.2824 82 .00 
1966 24 0 . 203 4 .32 39 58 . 49 
8 Each value repre sent s the average of four replications. 
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Table 41. The effects of dalapon on total pigments in Montmorency sour 
cherry fruit in orchard D 
Dalapon Mg Congo Red Percentage of 
application 0 .0 . at per gram untreated 
Yea r in lb/ A 535 nma fre sh weight control 
1965 0 0.407 8.6691 100.00 
1965 8 0.378 8.0214 92.53 
1965 16 0.338 7.1994 83.05 
1965 24 0.300 6.3900 73 . 72 
1966 0 0. 380 8.0940 100 . 00 
1966 8 0.335 7.1355 88 . 16 
1966 16 0.285 6.0705 75 .00 
1966 24 0.244 5.1972 64.20 
8 Each value repre sen ts the average of eight replications. 
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Tab l e 42 . The effects of dalapon on percentage of so lubl e solids in 
Montmo rency sour che rry f r uit in orchard C 
Dalapon Percentage of Percen t age of 
application soluble untreated 
Year in lb/A so lid s a control 
1964 0 14.75 100 .00 
1964 8 15.38 104 .28 
1964 16 16.14 109.42 
1964 24 17.38 118 . 00 
1965 0 15.69 100.00 
1965 8 16 . 85 107 . 39 
1965 16 17.94 114.34 
1965 24 19.66 125 . 36 
1966 0 16.56 100.00 
1966 8 18.50 111.71 
1966 16 20.20 122.00 
1966 24 22.58 136.35 
8 Each value repre sents the average of four replications. 
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Table 43. The effects of da l apon on percentage of soluble solids in 
Montmorency sour cherry fruit in orchard D 
Dalapon Percentage of Perc entage of 
application soluble untreated 
Year in lb/A so lids a control 
1965 0 13 . 26 100.00 
1965 8 14 . 93 112.60 
1965 16 16.32 123.07 
1965 24 17.63 132.73 
1966 0 13.93 100 . 00 
1966 8 16 . 38 117 . 59 
1966 16 17 . 85 128.14 
1966 24 20 . 24 143 . 86 
8 Each va lue re presents t he average of e i ght re pl icat i ons. 
and other o rganic compounds. Thi s may have cau sed the organic compound s 
to be in the simple form ( so luble) and may have prevented them from 
going into the more complex form (in so luble). In so doing thi s may have 
caused the percentage of soluble solids of sour cherrie s to increase . 
J ain et al . (1966) reported that dalapon interfered with glucose utiliza-
tion a s evidenced by the differences in radioactivity of sugars and 
o rganic acid in barley shoots and roots. This interference with gluco se 
uti l ization may explain i n part the increase in the percentage o f solub le 
so lid s in sour cherries. The other factor which may explain the increa se 
in the percentage of soluble so lids is that dalapon reduces fruit size, 
which may be a reflection of the increase in soluble solids. Taylor and 
Mitchell (1956), Yeatman et al. (1961), and Hartz and Lawver (1965) 
reported that the percentage of soluble solids increased as the fruit 
ripened. Dalapon therefore may enhance fruit ripening at all three 
levels of application. 
In comparing the two orchards , C and D, the results indicated that 
weed cover reduced the effect of dalapon on yield , fruit size, and 
fruit color . It also r educed the effect of dalapon on the increase in 
percentage of fruit so luble so lid s. 
CHAPTER VI 
SUMMARY AND RECOMMENDATIONS 
SIMAZINE 
1. Application of the low dosage of simazine (4 lb/A) to twelve -
year-old sour cherry trees was very beneficial in that weed control was 
60-70 percent in the first year, increasing with time and enhancing tree 
growth. Simazine applied at the higher dosage gave very good weed con-
trol, but the mature sour cherry tree growth was less than the growth of 
the untreated control. The application of simazine at the three levels 
(4, 8, and 12 lb/A) caused severe damage to R· mahaleb and sweet cherry 
trees and hence reduced the water uptake. Apple trees showed no visually 
observed damage from s ima z i ne treatment, but water uptake was reduced . 
2. Simazine was absorbed readily by both young and mature sour 
cherry trees when applied to the soil surface. This was indicated by the 
amount of the herbicide accumulated in the leaves of the mature and young 
sour cherry trees and by the very small amount in the fruit collected 
from the mature trees. 
In apple trees treated with simazine through soil surface applica-
tion, the uptake of this herbicide was less than that in sour cherry 
trees. 
Simazine was found to accumu l ate in small amounts in the roots of 
young apple and sour cherry trees compared with that accumulated in the 
leaves . In sour cherry fruit the accumulation of this herbicide wa s also 
very small . 
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Mov ement of s imazine in the field so il wa s minimal. Mos t o f the 
herb i c ide s tayed in the t o p 0 - 6 inches o f soil af t er application t o th e 
sur face at all level s . Simazine movement in the soi l increased a s the 
rate of application increased. 
3. Simazine caused an i nc reas e in the amount of chlorophyl l in sour 
cherry and apple l eaves a t a l ow dosage but caused a decrease in chloro-
phy ll at t he highe r dosage in sour cherry leaves. In appl e l eaves the 
changes were very sma ll a t the higher dosage. 
Both swee t ch e rry and f. mahaleb leaves s howed a l arger r eduction in 
the amount of chlorophyll at all level s of s imazine treatment. 
The results indicate tha t, und er the described conditions, apple 
trees were comparative l y re s istant to simazine , while sour cherry tree s 
were mod erately resistant, and sweet cherry and f. mahaleb trees were 
very sens itive to simazine . 
4. The application of s imazine at 4 lb/A caused an increase in 
sour cherry yield, s ize, color, and percentage of so lubl e so lid s. Thi s 
means that simaz ine cau s ed a signif icant improvement in fruit quality as 
well as in yi e l d. At 8 lb/A simazine a pplication the changes in yi e ld, 
size , and co l o r were small and tended to decrea se as the time period 
increased. On the other hand, the highest level of s imazine app l ication 
(12 lb/A) cau sed a decrease in y ield, fruit s ize, and f ruit color. These 
decreases tended to be greater with time. In this s tudy the only 
increase caused by the 12 lb/A treatment was the percentage of soluble 
solids in the fruit which was probably a reflection of the decrea se in 
fruit s ize to ge ther with advanced maturity of the fruit. 
5. Simaz ine was ab sorbed by all the one- year-o ld trees grown in the 
greenho use at all l evels of application s ix hours af t er treatment. 
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In gene ral , simaz ine caused an i ncrease i n th e activi t y of peroxida se 
and polypheno l oxidase in all tree s t reated . The activity of catalase and 
cytochrome oxidase was decreased in f. maha l eb, sweet cherry, and so ur 
cherry trees . However, apple trees in general showed an increas e in both 
catalase and cy tochrome o xidase ac tiv ity . With res pec t t o to l e rance, 
tree s with thi s charac t er i s t ic , such a s appl e trees , hav e high peroxida se 
and low po l ypheno l oxidase activity . Cata l ase and cytochrome oxid ase 
activity was moderate. 
The foregoing resu l ts suggest several fut ure s tud i es . For example, 
the effect of s i maz i ne on water uptake , t r ee gr owth, chlor ophyl l, fruit 
quality, y i e ld, a nd enzyme ac tivity needs t o be exp l ored in mor e de t a i l 
in orde r to di s cov e r the exact mode o f actio n o f thi s herbic ide in f ruit 
trees. 
DALAPON 
1. Pos t- emer gent applica tion o f dalapon r educed weed gr owth in 
general , but compl e t e weed co ntro l wa s not s hown. Te rminal and t runk 
growth of sour cherr y t rees t rea t ed wi th da l apo n wa s reduced a t a ll 
dosages appli ed. Damage t o sour che rry trees was increased wi th 
increases i n dosage o f the herbicid e a nd with time. The use o f da l a pon 
reduced sour cherry growth . 
2. Dal a pon caused decreases in the chloro phyll cont ent o f sour 
cherry l eaves at al l three l eve l s a pplied . The reduction in chlor o phyll 
content o f sour cherry l e aves was enhanced with time and with the 
increase in dosage applied . 
The red uct ion i n chlo r ophyl l con t ent o f sour cherry leave s sugges t s 
tha t these t r ees were sens i t ive t o da l apo n treatments. 
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3. Dalapon at 8, 16, and 24 lb/A applications to sou r cherry trees 
caused reductions in yie ld, size , and color of fruit. Thi s means that 
da laeon reduced the qua lity of the fruit as well as the yie l d . The 
y ield , s ize, and color o f sour cherry fruit were reduced as the dosage 
of da lapo n was increased a nd with time. 
The only improvement in sour cherry fruit quality which resulted 
from dalapon appli cations wa s an increas e in the perce ntage of so lubl e 
so lids . Thi s percentage increased as the concentration wa s increased 
a nd wi th time. This may be a reflection of the decrease in fru it size 
toge ther with the advanced ma turity of the fruit. 
Weed cover in orchard C r educed dalapon damage to sour cherry tree 
yield , fruit size, and fruit color . Weed cover also reduced the 
percentage of solubl e so l ids in the fruit. 
More study i s needed if we are to under sta nd fully why Montmorency 
so ur cherry trees are sensitive to dalapon . 
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APPENDIXES 
APPENDIX A 
THE CALCULATION OF TOTAL PIGMENTS IN 
MONTMORENCY SOUR CHERRY FRUIT 
l57a 
The total pigment concentration was expressed as milligrams Congo 
Red and stated in the following equation: 
Milligrams Congo Red/gram fresh cherries 2.13 x O.D. x dilution factor 
The dilution factor in this procedure was calculated as follows : 
ml 
200 
l 
grams 
25 
X 
X = 25 l X--
200 
0.125 g/ml in the first so lution 
ml 
50 
l 
X 
0.125 x 5 = 0.625 g/5 ml 
grams 
0.625 
X 
~ 
50,000 
0.0125 g/ml 
Original solution has 0.125 g/ml 
Final solution ha s 0.0125 g/ml 
So, the dilution factor 
10 
10. 
Appendix Table l. The effects of so il surface application of simazine on total ch l orophyll 
pigments in Montmorency so ur cherry l eaves i n orchard A 
s.v. d. f . s. s. 
Rows 3 0.003,539,500 
Columns 3 0.003 ,615,700 
Treatments 3 0.122,036,100 
Error A 6 0.020,012,600 
Times 2 0.533,951,900 
Times x Treatments 6 0.022,098,100 
Error B 24 0.023,664,700 
Samplings 48 0.001 262 200 
Total 95 0. 730,236,100 
aS ignificant at the 0.010 level. 
bSignifican t at the 0.005 level. 
M. S. F . 
0.001,179,833 
0.001,205,233 
0.040,678,700 12 . 196a 
0.003,335 ,430 
0.266,976,000 270. 759b 
0 . 003,638 ,010 3. 735a 
0. 000,986,029 
0.000 026 292 
0.007,686 , 696 
.... 
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Appendix Table 2. The effects of so il surface application of simazine on total chlorophyll 
pigments in Montmorency sour cherry leaves in orchard B 
s .v. d. f. s. s. M.S. 
Replications 0 .013, 191,100 0.001,884,440 
Treatments 3 0.161,757,400 0.053,919,130 
Error A 21 0 . 039,023,800 0.001,858,276 
Times 0.017' 531,100 0 .017,531,100 
Times x Treatment s 3 0.000,528,300 0.000,176,100 
Error B 28 0.015,794,100 0 .000,564, 075 
Samplings 64 0.001,858,000 0.000,029,000 
Total 127 0.249,683,800 
asignificant at the 0.005 level. 
bNot significant at the 0.050 level. 
0.001,966,014 
F. 
29.016a 
31.042a 
0.312b 
,... 
\J' 
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Appendix Table 3. The effects of so i l surface appl ica tion o f simazine on total pigments in 
Mon tmorency sour cher ry fruit in orchard A 
s.v. d . f. s.s . M. S. F. 
Rows 3 8.700 , 100,000 2.900,033,000 
Columns 3 39 . 201,300,000 13.067,100,000 
Treatments 3 468 . 879,700,000 156 . 293,200,000 42.760a 
Error A 6 21.930' 700,000 3 . 655' 110' 000 
Times 2 644 .495, 300,000 322.247,700,000 57. 719a 
Times x Trea tments 6 213.487,000,000 35.581,170,000 6 . 373a 
Error B 24 133.992,100 , 000 5.583,004,000 
Samplings 48 0.026, 800 ,000 0.000,558,333 
Tota l 95 1,530 .713 ,000,000 16.112,770 ,000 
asignificant at t he 0.005 level. 
..... 
"' 0 
Appendix Table 4. The effects of soil surface application of simazine on t otal pigment s i n 
Montmorency sour cherry fruit in orchard B 
s.v. d. f. s.s. M.S . 
Replications 18.216,600,000 2.602,371,000 
Treatments 3 94.848,500,000 31.616,170,000 
Error A 21 36.463,800,000 1. 736,371,000 
Times 84.560,200,000 84.560,200,000 
Times x Treatments 3 2.672,300,000 0.890,766,700 
Error B 28 17.483,500,000 0.624,410,700 
Samplings 64 0.011,700 , 000 0 . 000 , 182 , 8ll,500 
Total 127 254.256,600,000 2 . 002,020,000 
aSignificant a t the .005 level. 
bNot significant at the 0 . 050 level. 
F. 
18.208a 
135 .424a 
1.427b 
.... 
"' .... 
Appendix Table 5. The effects o f so il surface application of s imazine on percentage of 
so luble solids in Montmorency sour cherry fruit in o rchard A 
s.v. d. f. s.s. 
Rows 3 31.7 17,000 ,000 
Co lumn s 3 117.466, 000, 000 
Treatments 3 542.888,000,000 
Error A 6 228.474,000,000 
Times 2 1,715.130,000,000 
Times x Treatment s 6 1,213.395,000,000 
Error B 24 913.952 ,000,000 
Sarnp lings 48 0.786,000,000 
Total 95 4,732.091,000,000 
asigni ficant at the 0.05 level. 
bSignificant at the 0 .005 level. 
M.S. 
10.572,330,000 
39.155,330,000 
180 . 962,700,000 
32 . 876,100,000 
857.565,000,000 
202.232,500 , 000 
38.081,330,000 
0.016 , 375,000 
49.811,480,000 
F. 
5. 504 a 
22.519b 
5. 311 b 
.... 
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Appendix Tabl e 6. The effects of soil surface application of s imazine on percen tage of 
soluble solids in Montmorency sour cherry fruit in orchard B 
s.v. d. f. s.s. M.S. 
Replications 53.427,000,000 7 . 632,429,000 
Treatments 67.994,000,000 22.664,670,000 
Error A 21 179.126,000,000 8.529,810,000 
Times 7 .200,000,000 7.200,000,000 
Times x Treatments 3 0 .863,000,000 0.287,666,700 
Error B 28 18.573,000,000 0.663,321,400 
Samplings 64 6.369,000,000 0.099,515,630 
Total 127 333.552,000,000 
aNot significant at the 0.05 level. 
bsignificant at the 0.005 level. 
2 . 626,394,000 
F. 
2 . 675 a 
10 .854b 
0.434 8 
.... 
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Append ix Table 7 . The effect s of so il surface application of simazine on peroxidase activity 
in Montmorency sour cherry leaves , orchard A 
s.v. d. f. s . s . M.S. F. 
Ro ws 3 0 .100,143,600 0.033,381,200 
Columns 3 0.040,737 , 300 0 .013 ,5 79,100 
Treatmen ts 3 0.126,06 1, 100 0.042,020,370 6 . 862a 
Error 6 0.036,742,500 0.006,12 3,733 
Samplings 16 0.004 ,469 ,500 0.000,279, 344 
Total 31 0 .308,154,000 0.009,940,452 
asignificant at the 0.0 5 level. 
.... 
"' 
.,. 
Appendix Table 8 . The effects of soil surface application of sirnazine on catalase activity 
in Montmorency sour cherry leaves, orchard A 
s .v. d. f. s .s. M.S. F. 
Rows 3 0 . 053 , 259,000 0 . 017,753,000 
Columns 3 0.175,508,000 0.058,502,670 
Treatments 3 0 . 545,523,000 0.181,841,000 24.625a 
Error 6 0.044,306,000 0 . 007,384,330 
Samplings 16 0.010, 707,000 0.000,669,188 
Total 31 0.829,303,000 0.026,751,710 
aSignificant at the 0.005 level. 
..... 
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Appendix Table 9. The effects of soil surface application of simazine on polyphenol oxidase 
activity in Montmorency sour cherry leaves, orchard A 
s .v. d. f. s.s. M.S. F. 
Rows 3 0.002,601,380 0 . 000,867,127 
Columns 3 0.003,106,380 0.001,035,460 
Treatments 3 0.003,195,380 0.001,065,127 0. 514 a 
Error 6 0.012,423,740 0.002,070,620 
Samplings 16 0.000 , 142 , 000 0.000,008,875 
Total 31 0 . 021,468,888 0.000,692,545 
aNot significant at the 0.05 level. 
.... 
"' 
"' 
Appendix Table 10. The effects of soil surface application of simaz ine on cytochrome oxidase 
activity in Montmorency sour cherry leaves, orchard A 
s.v. d. f. s.s. M.S. F. 
Rows 3 0.107,328,600 0 . 035, 776,200 
Columns 3 0.028,119,800 0.009,373,267 
Treatments 3 0.029,612,300 0 . 009,870,767 l.l40a 
Error 6 0.051,836,400 0.008,693,400 
Samplings 16 0.005 175 000 0.000 323 438 
Tota l 31 0.222,072,100 0.007,163 , 616 
aNo t significant a t t he 0.05 level. 
.... 
"' ..... 
Appendix Table ll. The effects of soil surface application of simazine on peroxidase 
activity in apple leaves 
s.v. d. f. s.s. 
Rows 3 0.110,255,000 
Columns 3 0.052,114,000 
Treatments 3 0.037,330,000 
Error A 6 0 . 276,310,000 
Times 3 0 . 238, 711, 000 
Times x Treatments 9 0.016,961,000 
Error B 36 0.062 ,745,000 
Samplings 64 0.015 , 063 , 000 
Total 127 0.809,489,000 
aNot sign i ficant at the 0.05 level. 
bSignificant at the 0.005 level. 
M.S. F. 
0.036,751,600 
0.017,371,330 
0.012,443,330 0.270a 
0 . 046,056,600 
0.079,570,330 45.654b 
0.001,884,556 1. 081 a 
0.001,742,917 
0.000,235,359 
0.006,373,929 
,... 
"' (>) 
Appendix Table 12. The effects of soil surface application of simazine on catalase activity 
in apple leaves 
s .v. d. f. s.s. 
Rows 3 0.235,004,000 
Columns 3 0.454, 7 51,000 
Treatments 3 0. 340,301,000 
Error A 6 0 . 218 , 950,000 
Times 3 0 .847,429,000 
Times x Treatments 9 0.120,551,000 
Error B 36 0.232,639,000 
Samplings 64 0.016 022 000 
Tota l 127 2.465 , 647,000 
aNot significant a t the 0.05 level. 
bSignificant at the 0.005 level . 
M.S. F. 
0. 078,334,670 
0.151,583,700 
0.113,433, 700 3. 108a 
0.036,491,660 
0.282 , 476,300 43 . 712b 
0 . 013,394,560 2.073a 
0.006,462,194 
0.000 250 344 
0 . 019,414,540 
.... 
"' 
"' 
Appendix Table 13. The effects of so il surface application of simazine on polyphenol 
oxida se activity in apple leaves 
s.v. d. f. s.s. 
Rows 3 0.008,665,590 
Columns 3 0.038,945,900 
Treatments 3 0 . 002,520,780 
Error A 6 0.001,427,995 
Times 3 0 0 004' 4 71' 400 
Times x Treatments 9 0.001,159,540 
Error B 36 0.005,566,310 
Samplings 64 0.000,473,000 
Total 127 0.076,082,470 
aNot significant at the 0.05 level. 
bsignificant at the 0.005 level. 
M.S . F. 
0.002,888,530 
0.012,981,970 
0.000,840,260 3.53la 
0.000,237,999 
0.001,490,467 9.640b 
0.000,128,838 0. 833a 
0.000,154,620 
0.000,007,391 
0.000,599,075 
.... 
'"' 0 
Appendix Table 14. The effects of so il surface application of simazine on cytochrome 
oxidase activity in apple leaves 
s.v. d. f. s.s. M.S. 
Rows 3 0.413,122,500 0.137,707,500 
Co l umns 3 0 .009,9 15,000 0.003,305,000 
Treatments 3 0.047' 545 ,600 0.015,848,530 
Error A 6 0.089,236 ,400 0.014,872, 730 
Times 0.002,550,000 0 . 002 , 550,000 
Times x Treatments 3 0.138, 780,000 0.046,260,000 
Error B 12 0.034,565,900 0.002,880,492 
Samplings 32 0.004 , 899 , 000 0.000 , 153,094 
Total 63 0.605,163,000 
aNot significant at the 0.05 level. 
bSignificant at the 0.005 level . 
0.009,605,762 
F. 
l.066a 
0.885a 
16.060b 
.... 
..... 
.... 
Appendix Table 15 . The effects of soil surface application of simazine on peroxidase 
activity in f. mahaleb cherry leaves 
s .v. d. f. s.s . M. S. F. 
Rows 3 0 .004, 925,000 0.001,641,880 
Columns 3 0.005,280,000 0.001 , 860,000 
Treatments 3 0.275,249,000 0.091,749,670 2l.495a 
Error A 6 0.025,610,000 0 . 004,268,333 
Times l. 385' 732' 000 0. 277' 146,400 l2l.652a 
Times x Treatments 15 0.267,204,000 0.017,813,600 7.819a 
Error B 60 0.136,691 ,000 0.002,278,183 
Samplings 96 0.012, 541, 000 0.000,130,635 
Total 191 2 .113, 232,000 0.011,064,040 
asignificant at the 0.005 level. 
.... 
..... 
N 
Appendix Table 16. The effects of soil surface application of simazine on catalase activity 
in R· mahaleb cherry leaves 
s.v. d. f. s. s. M.S. F. 
Rows 3 0.427,560,000 0.142,520,000 
Columns 3 0.263,230,000 0.087,743,330 
Treatments 3 2.080,060,000 0.693,353,330 9.820a 
Error A 6 0.423,620,000 0.070,603,330 
Times 5 7.896,140,000 1. 579,228,000 41.210a 
Times x Treatments 15 3.072, 920,000 0.204,861,300 5 . 346a 
Error B 60 2 . 299,270,000 0.038,321,170 
Samplings 96 0 . 145 820 000 0.001 518 960 
Total 191 16 . 608,620,000 0.086,956,130 
asignificant at the 0.005 level . 
.... 
..., 
w 
Appendix Tab l e 17. The effects of soil surface application of simazine on polyphenol 
oxidase activity in R· mahaleb cherry leaves 
s.v. d. f. s.s. 
Rows 3 0.000,515,041 
Columns 3 0.000,806,375 
Treatments 3 0.003, 972,125 
Error A 6 0.001 , 661,125 
Times 5 0.002,258,625 
Times x Trea tments 15 0.002,662,500 
Error B 60 0.003,334 ,209 
Samplings 96 0 . 000,148 , 000 
Total 191 0 . 015,358,000 
aSignif i cant at t he 0.05 leve l . 
bSignif i cant at t he 0.005 level . 
M.S. 
0 .000, 171,680 
0.000,268, 792 
0 .001, 324,042 
0.000,276,854 
0.000, 451,725 
0 . 000' 1 77' 500 
0.000,055,570 
0.000,001,542 
0.000 , 080,408 
F. 
4.782a 
8 . 129b 
3.194b 
... 
..... 
..,. 
Appendix Table 18 . The effects of soil surface application of s imazine on cytochrome 
oxidase activity i n y. mahaleb cherry l eaves 
s.v. d. f. s.s . M.S. 
Rows 0.011, 750,300 0.003, 916,760 
Columns 3 0.004, 790,100 0.001,596 , 700 
Trea tments 3 0.019,650,700 0.006,550,233 
Error A 6 0 .008,845,900 0.001,474,310 
Times 0.110, 722,600 0.110, 722,600 
Times x Treatment s 3 0.025 , 882,000 0.008 ,627,300 
Error B 12 0.018, 196,700 0 . 001,516,392 
Samplings 32 0.003,370,000 0.000 , 105,313 
Total 63 0.203,210,000 
aNot si gnificant at the 0.05 l evel. 
bs igni f icant at the 0 . 005 l evel. 
csignificant at the 0 .05 leve l . 
0.003,225,556 
F. 
4.443a 
73.017b 
5.689c 
.... 
.._, 
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Appendix Table 19. The effects of soil s urface applicatio n of simazine on peroxidase 
activity in sweet cherry leaves 
s .v. d . f. s.s. M.S. 
Rows 3 0.205 , 230,000 0 .068 ,410,000 
Co lumns 3 0.191,499,000 0.063,833 , 000 
Treatments 3 0.209,078,000 0.069,692,670 
Error A 6 0.300, 776,000 0.050,129,330 
Times 1,705,203,000 0.341,040,600 
Times x Treatments 15 0.846,249,800 0.005,641,665 
Error B 60 0.953 , 349,000 0.015,889,150 
Samplings 96 0.035, 465,000 0.000,369,427 
Total 191 4.446,820,000 0.023,281,780 
aNot significant at the .05 level. 
bSignificant at the . 005 level. 
F. 
1.389a 
21.464b 
3.55lb 
_, 
"' 
Appendix Table 20 . The effects of soi l surface application of simazine on catalase 
activity in sweet cherry leaves 
s . v. d. f. s.s . 
Rows 3 0.020,089,000 
Columns 3 0.202,180,000 
Treatments 3 0.223,693,000 
Error A 6 0.137 ' 945,000 
Times 5 1. 224' 386' 000 
Times x Treatments 15 0.551,435,000 
Error B 60 1.199,162,000 
Samplings 96 0.034,861,000 
Total 191 3,774, 589,000 
aNot significant at the 0.05 leve l . 
bsignificant at the 0.005 level . 
M.S. 
0.006,696,333 
0.067,393,333 
0 . 074,564,333 
0 . 022,990 , 830 
0. 244,877' 200 
0.036, 762,333 
0 . 019,986,000 
0.000 , 363,135 
0.019,762,250 
F. 
3. 243a 
12 .252b 
1. 839a 
.... 
_, 
_, 
Appendix Table 21. The effects of soil surface application of simazine on polyphenol 
oxidase activity in sweet cherry leave s 
s.v. d. f. s .s . M.S . 
Rows 3 0.001,908,930 0.000 , 636,310 
Co l umns 3 0.001,673,430 0 . 000, 557' 810 
Treatments 3 0 . 017,948,850 0.005,982,950 
Error A 6 0.001,641,430 0 .000, 273,572 
Times 0.027,037,730 0.005,407,546 
Times x Treatments 15 0.011,063,000 0 . 000, 737,533 
Error B 60 0.019,662,2 10 0.000,327,704 
Samplings 96 0.000 , 548, 000 0.000,005 , 708 
Total 191 0.081,490,980 
aSignificant at t he 0.005 level. 
bSignificant at the 0.05 level . 
0.000,426,655 
F. 
21. 870a 
16.50la 
2.25lb 
.... 
..... 
"' 
Appendix Table 22. The effects of soil surface application of simazine on cytochrome 
oxidase activity in sweet cherry leave s 
s.v. d. f. s.s. M. S. 
Rows 3 0.009,360,000 0 . 003,120,000 
Columns 3 0.009,286,000 0.003,095,333 
Treatments 3 0.138,227,000 0.046,075,670 
Error A 6 0.079,690,000 0.013,281,660 
Times l. 592,013,000 l. 592,013,000 
Times x Treatments 3 0.094,474,800 0.031,491,600 
Error B 12 0.131,121,000 0.010, 926,750 
Samplings 32 0.012,257 , 000 0.000 , 383,031 
Total 63 2.066,430,000 
aNot significant at the 0.05 level. 
bSignificant at the 0.005 level. 
0.032,800,480 
F. 
3.469a 
145 . 700b 
2.882a 
.... 
-.J 
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